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ON THE DISPERSION AND ABSORPTION OF SUPERSONIC 
WAVES IN WATER 

Uy B. B. GHOSH 

iUi'ceived fo} publication, Sept, n, 

ABSTRJIGT A the^rotical Lxprcssioa for the dispersion of siipci sonic waves 
iu water has been deduced on the basis of water structure and structural coiiipressi- 
bility. The experimental results as reported in previous papers, have l^een compared 
W’.Lti the results calculated from thus expression and arc found to be in ^ood agreement 
Kurthei, theoreticall) deduced formula for absorption, similar to one published in an earlier 
paper, has been used to calculate the frequency for maximum absurpimu for water due to 
structiiial vibratuns at diflercnt temperatures Tin- calculated values indicate that the 
mean fieiiueiicy region for dispersioji for associated lujuids such as water, lies in the 
neighbourhood of lo'* to u'® c. p s*. 


INTRODUCTION 

Tile gJvS (lispersioii formula, as derived by Kueser and others on the 
basis of relaxatioiial principle, was further modified by Dutt (1938) with 
the help of thermodyiicmiical relations to fit in the case of liquids m general. 
Subsequently .some theoretical expressions for abhorplion of supersonic 
waves iu liquids in general were repoite^l by Dutt and Ohosli (1039). 

The expressions given there are 


a/v* 


v.v„, 



Ul 


where the expression for the measure of absorption of supersonic 

waves in liquid.s. 

/ij;.= the co-efficient of maxinni'in absoijUioii per unit wave length. 


y = the supersonic velocity at frequency v, 

v„,-llie frequency for maximum absorption and coriespoiids to 
vw, the mean disjjersive frequency 


is given by : 




”"au 
-n -- . - 
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where ci = the coefficient of expau.siou 

/iu = tlie compressibility 
I'm = the niolai vohinie 
T = the absolute leniperalure 

i>u=^ velocities at very high and very low frequencies. 

= “the sp. lieat at constant volume. 

and t'f —the amount of energy assimilated in the vibrational degrees 

of freedom of the molecules and is eoiisiderifd to be a 
function of frequency of the impressed sound energy. 

It is here that the relaxation principle, based on the incomplet\‘ excitation 
of these energy levels by the sound waves, is jiitioduced such that the dih’ereiice 

Co^C\r( I 

becomes dependent on the relaxation time factor. 

In equation f j) cdl constants are known except wliieh was fuitlnr 

calculated fiorii the relation given by bansteiii function as 


Ahv'IkT)- . 


I K^“Unils) 


and also from the data given by Raman effect and Ihe lufia ied spectia. 
Thus the value of 


in equation (2) becomes known and so the value of Kor most liquids 
the supersouic velocities are known from direct experiments and the frequency 
V at which they are measured. Also, employing the exjieriincntally 
measured values for a/v- for different liquids, the values for i',„ for 

different liquids were calculated and were generally found to lie of the ordc-r 
of lo'* c/s (Dutt and Ghosh, 1939). It was also considered that since the 
dispersive region of supersonic waves for gases generally lies in the region 
of 10“ c/s and since the packing of molecules for liquids, is about to" limes 
the packing in the gaseous stale, therefore, (since the effective collision 
number for the excitation of an oscillatory quantum state is constant), the 
dispersive region for liquids can be expected to lie in the neighbour- 
hood of 10'' to lo’’ c/sec TJie value of v,„, which corresponds to the 
frequency of inflexion the centre of the dispersive region of supersonic 
waves in liquid (Fig. 1', as found from equation li) with the help of the 
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experimental values, agrees well with this prediction and thus alTorded an 
indirect test for the validity ol the relaxational theory as applied above using 
the thermoclynaniical relations for liquids. The behaviour of water and other 
associated type of liquids and also that of polyatomic unassociated liquid CSa, 
among the numlier ol liquids considered, how'ever, could not be accounted 
for by these theoretical expressions. Accoiding to this theoiy, wc could not 
indicate dehuitely whether water would show any dispersion or absorption 
as the theoretical values became rather aiubigiious liable HI). lixperiment- 
ally, however, rather high amount of absorption (Pinkerton, 1947 ; Sorensen, 
1936; Fork and Hartmann, 1940) and quite an appreciable amount of dis- 
persion (Dutt, 1938 ; Dull and (Hiosli, 1941) were reported by a numbei of 
woikers in the line. In regard to dispersion in water, it was also found 
experimentally that the amount of dispersion decreases slightly with rise 
in tem])erature, as also with increasing concentration of electrolytic solution 
of water (Dutt and (»hosh, 1941). From all these informations, it was also 
concluded that alihougli the relaxational heat capacity lag, as applied 111 the 
case of hqnids by us, gcneially indicates the behaviour of non-associated type 
of liquids .sncli as, toluol xylol, lieiixene, etc. in respect of di.spersiou and 
alisorplion, we require a separate treatment for all associated type of liquids 
like alcohols, specially for i\atcr. A theory was outlined on the basis of 
iiUcr-inoIccular interaction occurring in the regions of compressions under 
siipcr.sonic pres.surevS and the consequent changes in or breaking of water 
stiuclure resulting into decrease in compiessibihties. The ohseived dis- 
persion in water and in water solution of electrolytes was qualitatively 
explained on the basis of this theory ((Ihosli, 1949).*^ An attempt is 
made here to give a nialhematical lefireseutation of the theory as reported 
there. 

s r R i’ c 'I' u K jc o r w a t k r . s t r tt c t rj r a l a e 'r r v a t i o n 

IvNFROY DUE To HYDROGEN Ji O N D 8 AND 
v8 T R U C T R A L C O jr P R E S S 1 B I E 1 T Y 

X-ray studies of liquid water and w-aier in ice slate by a numbei of 
woikeis (Beinal and F'owler, 1933; Morgan and Warren, 1938; Stewait, 
1939) indicate that each water molecule has foiii ncaiest neighbours ai ranged 
tcttahedrally and has thus an open structure. The tctrahcdial structure is 
mainly maintained by the inlermolecnlar hydiogcn bonds. Introduction of 
ions, like an increase in temperature has, in general, the effect of breaking 
down this open watei structure and has thus ihe effect of closer packing. 
This was shown to be actually the case hy Morgan and Warren from the 
changes in height of the second maxima cuivc of the X-ray diffraction pattern 
of water. 

* Reported ill the thesis, for P.R.S, of the Univcr.sity of Calcutta, 30th November, J 04 vS 
and later published in part in Indian Journal of Physics., Vol 23, No. 2, p 79, 1949 
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liwell and' Ii3nin.i3 (iQ37), from a tlieory on viscosit}^ ot liquids, hav6 
shown that those associated tjqie of liquids containing tlH orNH groups 
have usually higher viscosities due to their hydrogen-bonded structuics. 
The rapid decrease in the viscosity co-efficient and ^Liyu , Ithe 
activation energy of viscous flow, with rising temperature, is due to the 
decrease in the number of hydrogen bonds that have to be broken foi the 
flow to lake place. 'J'lii.s activation energy due to hydrogen bonds was 
termed the Sti ucture Act ivation Energy. 

T RFC r IT K A L C 0 M }’ R K S S 1 IM L I T V' AND 1)1 S V H K S I D N 

1 N A 'r n R 

The possibility of the existence of ^onie sort of a structural cpmpressilii- 
lily undergoing changes due to the bieaking of water structure by itliL' intro- 
duction of ions or increase in temperature and affecting the supersonic 
velocities in water solution of electrolytes at difl'erent concentrations and 
temperatures was suggested lueviously by Dull and ('.hosh (ig;|i, 10.^3) and 
on the basis of the changes in stiuclmal compressibilities the physical 
piiiiciple of the observed dispersion of siipet sonic waves in water and 
electrolytic solutions was explained (Ghosh, 10-15, 

Randall (1932) has shown, as a lesult of accurate c'omiircssibiluy nieasnic 
inents that the adiabatic compressibility decieascs w'ith increasing tcmriera- 
curc to a mminuiin at about 44‘'C Further Tamuian, (1803) shown 
theoretically that w'hcn the “ internal pressure ” of water is increased, as by 
the introduction of ions in electrolytic solutions, the compressibility 
decreases. 

From the foregoing observations, we may noW' assume, that the total or 
effective compressibility is the result of two effects luider accoustical iJiessnres 
of supersonic weaves. Firstly, w'e may think oi some free whaler molecules 
at any instant. T aider a compression these molecules will be brought 
unifoimly closer together and due to incrcasc*d packing and increased mole- 
culai energy, the liquid wall behave as if it has some sort of a molecular 
compressibility, .say, f:i„ . Secondly, under a cotnjuc.ssion, the open 
tetrahedral structures will undergo a contraction in volume. When Ihe 
compression is wdthdrawai, the structures w'iil normally come back to their 
normal positions. But if before this another compression is impressed on 
them, the expanding structures wall oppose the compression and it may appear 
as if the whole system has been subjected to an" internal pressure.” The 
effective comxjressibility wall be low'ered ; and this behaviour can be looked 
upon as having another form of cominessibility . say, /J, , which niay be 
called Structural Comijressibility. Evidently, the structures will require a 
time to relax and hence wdieti the lime period of the sound frequency is 
comparable to this time, /?, wall become relaxational, in the same way as 
the relaxational heal capacity. This will give rise to dispeision. For 



Dispersion and Absorption oj Supersonic Waves in Water 3 


absorption, the stiiictnre&, due to these increased vibiutions as a whole. or 
due to increased molecular energy, will break up. As the energy (about 
3000 cal. per each OH bond pci mol) for bi caking up of these structures 
(Cross, Burnham and lyeighton, 1037) will have to be derived from the 
impressed sound eiieigy ; there will be an excess absorption than what is 
expecicd fiom a non -associated Inpiid, 

We can theiefore ha\'e 


P(i Pa ^ 

where Pn the static 01 01 dinary compressibility. 

/j’u at any lemperalure can be obtained from various sources The 
coiupiL'Ssibility /!„ , as fluted above, may be considered to have its origin 
on what may be teiined as the “ Molecular Compression " and may, lliere- 
loie, be consideied common to all liquids, associated or non-associated. 
This IS evidentl}" dejiendent on the changes in inoleculai energy, as by 
transfer ol translational eneigy into inolecular energy by the propagating 
su[)ei sonic beam. The effect of it on the suiiersonic velocity in liquids is, 
then fore, exjiected to be Ihe same .is caused by the lelaxational specific 
heal which, as we have showu already, indicates the relaxational time foi 
most liquids I o be iieai 10”" sec For walei, theoretically, the di.spersion 
from this soiiice was shown to he nil even at^ fiequeiicies of 10^ or 
10” c.]! s, (Ibitt and Chosh, 1039). But according to our experimenls, there is 
dispersion, although small, even at this legion ol frequencies (Dull and Ghosh', 
1941) As stated before, this disiiersion may have its origin on the changes 
in water structiue brought about by sujiei sonic piessures and therefore on 
structural compiessibility which, we have assumed lo be associated 

with the lelaxational tune period of the ivater structure. Under harmonic 
sound pressure, the effective coinpiessihilily can, theiefore, be ex]iresscd in the 
lonn, 

I'.fleclive coiiqii'cssibility = f --- -- , (c^) 

i -I- 


much in the same fioni that v\c had used in the case of relaxational heal cajia* 
cit5’^, VIZ. 

Effective sp. hcal = C« t 

I + »»'»/ 0 

Now, the velocity of sound can be written as, .1, 


V (('ornplpil ~ ■ 


P ^effective compressibility) 




T 


Pa 


I + tw/o 
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wheie, Ip is the density oF water and fo is the relaxational time of the 
water structures, The real part of this complex velocity is given by, 


V 


7 


1 fn f^a \ 


1 


( 7 ) 


and the dispersion is given by, 


,, ^0 o>,^ I + wn to /q) 

" ' '^7 W/oW / (V + , ■ 

where, 7 v and lo arc the supcisonic velocities at two fi ccjncncie'e \'y and '’o 
and 1-00 IS imich higher than vq, the time period cnncspoiiding to >-/ being 
of the order of /(,. 

Jn the above cxfiression, it is difficult to obtain a coru ct estimate of the 
value of /b'a and its dependence on the change in temperature in water. 
With increasing temperature, tlicre will be increasingly gi eater nunibei of 
molecules, freed from associations due lo the breaking of structiiies, and there- 
fore it i.s expected that /ia will be slightly increasing and /!)’, will be slightly 
decreasing till all the structures are broken. Probably, this explains why the 
value of the effective compressibility has a minimum at a particular tempeia- 
ture after which It rises. A rough estimate, howevci, can be made of the 
value of from intermolecular potential functions for watei iiiQlpciiks. 
The molecules under the accoustical pressure will approach each other till 
the foice acting on them due to the potential cruigv existing between 
members of nearest neighbouis, is ju.st sufficient to balance the effect of the 
accouslic pressure. Now X-ray analysis shows that the distance between 
nearest neighbour molecules in ice is 2,76 X and that in water at 1.5 ^'C is 
3,90 A, We may therefore supi»ose, that 2 76 A being the average distance 
of nearest approach, which occurs in ice, tlie value of ( 3 „ slitmld be 
comparable in magnitude with ihc adiabatic compressibility in icc. Accor- 
ding to Dorsey i'i94o) this can betaken as I2.iu~’^ cni’/dyne. As the force 
acting on the molecules is also a controlling factor in the vibrational or 
oscillatoiy motion of ihe molecules, a rough estimate of this force can be 
made fioin the force constants and potential functions as obtained from 
Raman scattering spectra for w^ater. 'Ihe value of /p is also expected lo 
be dependent on the tempeiaturc and should be decreasing w'ith temperature. 
An estimate of the value of /(> and its variation with temperature, can 
be therefore, made by employing the theoretical expre.ssioas for disjiorsioii 
and absoriition (fujuations 8, 12 and 14) and using the experimental values 
for the .same. 



Dispersion and Absorption of Supersonic Waves in Water 7 

T) 1 vS 1* rc R S I o N \ N 1) A. It S o R i‘ T i o ^ 

For a plaue propagatiiiK wave, following the usual procedure, we may 

put, 

6 -0 “ ^/7^r,uiriij'i»r)| ... (g) 

and putting 

2iu'(l — ' . cos - Y sin . 

we get, /* = /„.? ^ V 2 

where the second factor determme.-i the damping of the wave or the absorp- 
tion. When <!> is small, as is actually the case here, tlie co-efticient of 
absorption pei unit wavelength is given by 

tan r/* 

wheie tan 0 is the quotient of the imaginary to the real jiarLs of the 
velocily ex’iiressed in equation \ 6 ). Further, putting the condition, dfJildiu=^u 
inequation in), we get the expressions, 

II ' ‘rr ^ *l*il / V 

n ^ - (compare eqii 2) 

I'u’ 

siiu'e near tlie point “K” in Fig 



Z,<jg eJ — 

Fig. ; 
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and 



V v,,,. 


(compare eqn . i ) 

' ) 




(atiproxiiimtelv) (1,4) 

V v,„ 


In equation (S) to and correspond to some point iiL^ar C in r'i.i4, 1. 
'rhe eciualion may still hold when il is referred to a point near E 
lepreseiitin^ the mean frequency region for dispersion for which the relaxa" 
tioii tiniL and fretjnem y aie, say, /,„ and v,. Hence the eqnaliori can 
fie iLwritlen, as, 






'15) 




'I'he two frequencies, used by us in our experiments ft>r dispersion mi w'ater 
aie 3.10’ c.p s, and 310'' c.p s. We may then assume that and /„ 
correspond to some point very near to w., — 3 10^ c.]) s., lime period of which is 
just comparable to /.„ ; I'o and ‘‘w,,*’ may then correspond to i'„= pro*' c p s 


D 1 S (' V S vS 1 O N 0 1^' T 11 n T H 1? O R H T I C A L \ N I) 

Iv X 1* R R 1 JM K N T A L R h S V h '1' S 

In 'fable I, the values of and t... have been calculated by employ 
iilR the experimental value ol v,!' Ivu^= J .oo[ at about 30 °C. This dispersion 
as reported earlier, decreases slightly with temperature Hence, the value ol 
V J fvo^ = 1.004 and /<„, calculated from' l{qn. fra) cannot lie taken as con- 

stant as has been done here But from the iialure of variation in i',„ aiul 
it can be observed that the values for will only be just sliuhtly less 
than the values shown here. In any case the mid frequency region for 
dispersion due to structural I'elaxation, calculated by using the excess 
absorjjtion bes in the neighbourhood of 10'* c p.s. and hence il is quite 

reavSoiiable to expect dis])ersion at these frequencies. T'le excess absor])tion, 
denoted by the difTereiice between experimental values and theoretical values 
calculated from classical formula of Stokes for viscosity absorption, according 
to onr assumption, is the absorption due to both structural vibrations or 
breaking off of struciure-. Hence, in cale'ulating r,„ cir these values ol 
excess absorption have been used. 

Again applying these values of i„. in equation (13), values of I'l," fm 
different teinireratures have been calculated. These- calculated values are 
in good agreement with the expeiinieiilal results and also indicate' a decrease 
with rising temperature. 

After the. preparation of this pajigr on the basis^ ot the pli>sic‘al 
interpretations ol the experimeutal observation reported in i)]evions jiapers, 
the author came acros-. two other papeis, one by Hall (1948) and another 
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Dispersion and Absorption of Supersonic Waves in Water II 

hy Btiiier (1949). Hall liad used similar ideas and with a value of 18. lo"'® 
ctij^/dyuc for (i e , ft,,) bus explained the excess absorjdion in water. 
The value of as calculated l^y him, was of the order of jo“'^ sec. He 
also had admitted the variation of ft,, with temperatuie but the effect 
of this variation wa'i consickred to have been conn tei balanced by the 
\aiiation of another term (i + which he used in the expiession 

foi absor])lion Hence rci>ard.s the vaUic of tlie 1 elaxatioiial time 
t... “ lo sec. as found liy us the assumption that this may Lorrespond to the 
mean dispersive frequencv, ran.uinj:’ over 10“ c.p.s. and io’“ c.p.s. corres- 
ponding to the j)omt Jl in the i)ortion BC m Fi^ i. appears to be 
111 Older. I he woikiim fieqiuncw langc used by us lie between ti and h 
and Iheiefore diS])ersioii, although small, should be experimentally ob-served. 
Our theoretical and cxperimentdl observations are, therefore, coniidetely 
m Older. 

Bauer in his ]iuper has repm'ted similar theoretically derived expres- 
sions for absorption and dispersion for niias.sociated lu]uid.s, as was reported 
l>y ns in early papers (Ditlt and Ohosh, 1939)* These weie derived by 
Ihiuei fioin smiilai eonsicleratioiis as of ours, and based on lelaxatioual heat 
capacity due to incomiiletc assimilation ol sound energy by molecules 
and similai tliermodyiianiical iclations for licjuids were employed. 
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The mean disper^^^ive frequency foi these liquids I'ahulated finm aii* 
exjiressioji siiiulai to equation fiq' was shown to lie of the order of lo'' c.p s 
alinoM exactly the same ns calciihited by us, (vidr Talilc 111) As pointed 
out by us, the cmsc of CSj, beinj; of special interest, \\ treated seiiarately 
and uuirierical estiniales of the individual dispersion frequencies ftir dilTeienl 
libiational levels which relax at different fre<piencie5 have been made 
for this particular liquid. 

The fore.yoini^ observations sii^i^cst that if the passage of Mtpersomc 
naves IhroufJih watci jiioduces tJie satue cffLct in catisnm chLiime in the 
stiuctures as is done by inlioducing ions or increaMii^ the temperaliire, 
an exjienmenlal study of tlie X-ray difli action curve of ^^alel with supersonic 
navies jii opaeatiii}:; thiou.uh it may reveal the same results a^- repented In 
]\lo]^an and Warieii A diiect experimental obser^atl^n ou llie ai'tiud 

diminution in volume due to the breakinj^ of watei stnichue \ under 
supervsr)nic iMCssuie causiiii* decicase in effective compi essilubly may alsft 
be earned out. AUeuipts arc being made in tliis diiectioii 

A 0 K N O W’ b K 1 n . 1\1 17 N T S 

The anthoi \s thanks ate due to Dr. A. K. Dutt loi many valuable 
discussions on this subiect lie also expiesscs his ^latitude to Tiof 
D l\'l Hose, Direcloi, liuse Restaich Titslitule, foi hel]) received frmn 
him in carrying out tins work 
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STUDIES OF THE JOSHl-EFFECT IN CHLORINE UNLER 
OZONIZER EXCITATION-INFLUENCE OF TEMPERATURE 

f'Y K. [3 VISVANATHAN anii K, KPPrUSWAMY 

{Rrcl'ivcd Rn pnblicaiii)}i. May ’c, KflQ^ 

ABSTBAGT 'I he mniuiiuc nl tcnipfralurc, vaned in the rriiiL’C 8' on the ma^jrii- 

tnde of the hi>,lnHffe(t in t'l-jj l.ikeii in Ihc pi et.sni( range .S 5 S -.V) ' nini diid e\( ited in a 
‘•hemens o/dni/ei due In potentiaK of S'> e ve les freeiiieiu} has her n studied 'I'he magnitude 

o( hoth the ml ;,,s well as the relntn e effei I deei. .is( s sMth inei e,ns( o( leniiu-ralui e , Die 

inline nee i>r .ijipliLd ]) lie’ll I, il js tn nil ii .ise the inleUttl and deeieasc the ulatue elfed 
Ihis inhdiilne inllnenii nl tenipinaliiie is nmn- in cMilenee .il Inwei th,ni .it highei 
applied pntfciitirds The inli ( I'liespninK m e Ik iween light ahsniptinn In Clj v\hu h iin teases 
fiinl the I isln letfe 1 1 , M hit h lit ei e ises with me i( rise 1 1 leiiipt'r.itm e , is ni rirc'td with {"“ihi s 
vir'A that A? IS not enlnel' a ( oiise()ueMi'c of selcdivt light nhsoiplinn h\ the exeited 
gas hut i.athei (iiiantuni m fuipiene) ifleit 

rite' Jushi IttfceT having been oiigiiiahv (liscovcied in chlorine ^Joshi, 
lo.i.t, 1015), 'h \\e)tkeis in this fu'Ul have nalnrnlly devoted llieii 

rUtcnlion to a (leUnled iti\ esl ig.Ttioii (if the inoduction of the effect in tins 
gas and the nifliience of the vaiions factors ivhich aflect tJie nature and 
iiineihlnde oi thceReel It was only stibsciiuently th.Tl otlier gases^ eg,, 
Tin, (b, Bij etc , and niel.ilhc vapoins. i g., Hg. K, Na, etc., were taken 
u]» foi siniilai cxlinuslive study. Ihil a snivey of the now cnnsiderabh 
iilciatinc on llic effect in c'lihirine leVeakd the ahseiioe of any infoimation 
regarding the iiifliieiu'e of teniyieialiii e on the jf sln-l'.fleHT in chlorine, except 
foi the picliinnuuv note of a general nature by Joshi and Hcsliinnkh (ig^j i ) 
and by Iieo and Padmanabhaln (TC)/|4h The yiresent investigation was 
lienee nuclei taken in 01 del to find the dependence ol the Joshi'fvfiect m Cl^ 
on lenipci aU1re 

^•: X r H R T M F, N 'I A L 

file general nature of tin ajijiaialu'' was Itie same a.s used in some of 
ihe I'ltvions investigations flic disohaigc vessel was a vsiemens ozonizei 
whieli was excited by single phase aUeinating potentials of ;p cycles 
frecpicncy, obtained from a rotary convcitei worked off the 220 volt D C. 
mains and stepped nit by means of a transfonnei of latio 227- 1 I'hc smiree 
of illunnnation was a 200-voll 200-watl incandescent bulb enclosed w ithin 
a* box piovided with a movable sliiitlcr. 

Chlorine was prepared clectrolytically from strong HCl, using graphite 
electiocles. A cnirent of 0.25 ampere was employed for electrolysis. The 
current was fiist passed iu one direction and then in the other alternately 
lor some time in order that the acid might be saturated with chlorine and 
any organic impurities in the acid destroyed. After Hiis precaution was 
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taken, it was found that hydrogen and chlorine were evolved in equivalent 
quantities. The gas, v\as then [lassed through a water trap in order to 
remove vapours of H Cl and allowed to stand over fu.sed CaCC and PaO* for 
the leinoval of moistuie. The gas was finally puiifitd liy free/.ing it out 
in a liquid an tiap and pumping ofl any uucondensed impurities by means 
of a Toplcr jjiimp. It was then stored in a le.servoir kejit in communica- 
tion with the drying lubes in order that the gas might be Ihoroiiglily dried. 

Since chloi me attacks meieniy easily, the use of a mercury niaiiorneter 
w'as piecluded. Hence a Boiiidon gauge of glass-s[joon lyijc, usid by one of 
the anlliors (K S.V.) in tonnectioii with his work on NDj and dcECtibcd 
earlier (Visvanathan, iq-jS), wascMiiidoyed 

'Hie influence oi temperature on the inagniliule of the Joslii-TlTecl in 
(hloniie was studied by taking the gas in the pressure range 55.5"~3ai) min 
and observing the vaiiation in the eflect at three diflerent leiiipeiatiires, 
VIZ.,, (S"^, 30'' and 67^0, and for some pressuies, also at 25'^ and 
the applied [joteiilial being kept constant. 'I'lie teiiipcralnre variatio\i of 
tlie Joshi-JUlect was deteimiiied at different applied jiolentials, ri-,, O.OtS, 
^ 10,68, 12 02 and 13 35 kV (i.m s.), the fiequeiicy ol the 

A.C. sujiply being llic same in all cases, viz,, 50 cycles per second 

The discliaige currents, q, and ii it i., when the o/oni/ei was in dark 
and undei nradiatiun lesiiectnely I, weie measured by means of an oxide 
recliliei type niKro-anmieter. I'lie net Joshi -1 (.fleet, 21^.1 ii l.,1i i,,) as t\cil 

as the lelative efl'cct, %/ -i (/.t., loo.-i/iiJ has been cak iilated Results 
indicated 111 Tables 1 -VT aie selected as being lypnal of a huge mass of 
data obtained foi a numbei of initial piessiiies of the gas and ai)i)lied 
potentials and lemtieialuics- The initial jnessiiies oi chloiiue ihiis selected 
aic 55.55. J37, 22.1, 238, 38] and 390 mm. 


I N K L r n Net- O b T K M V IC R A T I K J - o K T ri IC J U .S TI L - 

y J' r I-; c r 1 m 0. c n n i« r o o k 1 7 r; r h x t t t a t i ( > n 


Taiim- I 


Pressure of Ck ' 55 5 nim 






Studies of Joshi-e0ect in Chlorine , etc. 


Table li 

Pressure of CI2 ; 137 niiu 




rABi.E 111 

PressLiri of CK J24 turn. 
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TAllLh IV 
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DISCUSSION 

Thu results for the net and relaliv'e Joshi-UfFeot in CI3 show the 
characteristic and distinctive behaviour of the in 1 egard to the facility 
with which Joshi-KfTect of large niagnitude Js produced. Thus The ocouneu- 
ce of 100% Joshi-Ktlect at the pressiues 381 and iyo miii oi CD bears uiil 
the above obseivation The range of iiressure, viz., 55 5~3‘)0 mni over 
which chlorine continues to give the Joslii-Effed of such large magnitude 
is lemarkable^ when it is seen that most of the other systems studied, e 

N.., ail, etc , show the Joshi-Uffect only for a limited range of piessure, 
which abruiilly falls off to almost zero on crossing either oi' the limiting 
pressures For examiile, in subjected to ozoiuzcr excitauon at 50 cyc]e^ 
frecjuency, the Joshi-Hffect which is maximum at 70 mm, falls off shfu ply 
in value and vanishes outside the range 30-200 nini. In conformity willi 
eailier findings foi Cl. and other gases, the net effect -Ai increases (iui)(nen- 
cally) while the lelative effect, --XA/ decreases (nuiuLrically) with inctea'-e 
of aj^plied ])Otential. Thus, r.je., at 555111m ii I 'fable 1 ), llic netjqslii- 
Hllect at b 08, 8 ui and q 35 kV at 8'‘C is 173, 20 and 220 ies|)ec1ively, 
W'liile tile relative efiecl is 50.1., 47 8 and 44 o re^'peetively. vSi.nilar i esuUs 
aie obtained at the olhei lempeiatuies as well But a close examuiation 
of the results shows that, in geueial, the inhibilive iiitlueiice of tlie applied 
potential cm the production ol the Joahi-bTiecl is greatei at lower lluiu at 
higher temperatures 

It is also seen Ironi the lesulis that teinpeiatui e exei Is ftii ajjpreeiable 
inhibitive inlliience on the system in leiiecL r 1 its ability to show the eflect 
It is signifieanl that though i„ increases with tempLialui e, q increases 
much faster than ii. with the lesult that bolli Ai and %Ai show 
a (nuinencalj diminution as the leinpeiature is increased T'hus, eg., at 
b.08 kV, the values of -A/ at 8", 30" and (>7'' are 17. 3> 11 S and 7.1. lespec' 
lively, and those of - %Ai, 5CJ.4, 33.0 and 17.5 1 espeetively , It may also 
be geneialised iiom the data that the iulliience of lemi)eralurc in loiNeniig 
the iTiagiiiliide of the Josln-Kffect is less at higher than at lower puleiilials. 

Tlie above observations would appear to emeige fiom a cousideiation ol 
the general theory proposed by Joshi for the effect (Joslii, io) 0 , 104?. 
Visvanathan , 1 94 c ; ) . 

Joshi assumes that an absoiplioiiTike boundary layers' (Jusln, 1945 
ionic plus molecular, is formed on Iht exited walls ol the o/.oiii/er, that tins 
layer is c'haiacteiised liy a low work tiincUou so as lu allow ol {iIiolu-cTectnc 
emission even under extreme red which is insufficient to cause a direct photo- 
ionisation of the exciled gas; that these pholo-eleclrons aie capluied by the 
atoms and molecules ot the gas, on account of their electron affinity eiiham'ed 
by elecliical exilahon, lu form negative ions wliiili, 011 account of their low 
mobility, Ining about a diminution iff the dischaige currLiil as a S[iace charge 
effect 
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of Joshi-efiect in Chlorine, etc. 

, It is well known that the adsorption process is exothermic aiid hence, 
according to tlie Le Cliatelier-Braiiu principle of mobile cquilibriuiu, the 
amount adsorbed at equilibrium should decrease with increase in temperature, 
'I'his has actually been found to be the case for numerous adsorption reactions. 
Nov\, since Joshi’s theory also contemplates an ‘adsorption-like boundary 
layer (s)’ (joshi, 1945 /d formed by the ions and neutral molecules and atoms 
of the gas on the walls of the o?.onizer as the chief seat of the phenomenon 
of the Joslii-liffect, it is to be anticipated that the adsorbed layer would be 
deformed or destroy ed by rise of temperature, resulting in a decrease in the 
number of photoelectrons with the consequent reduced fall in the discharge 
current. 

Kvidcnce has been adduced by one of the authors (K. S. V.) in his work 
on the Joshi-Effect in that selective absorption, by the gas. of Ibe incident 
light cannot be the cause of the Joshi-Effect. Earlier, Joshi (1945 a) 
had shown that the Joshi-Effect in CI2 cannot be the consequence of selective 
absorption of light by chlorine lie observed that while chlorine absorbs 
selectively chiefly in the region 6400 ^ to 2500 X with a pionouiiced 
inaxiinum at 3340 A, the production of the effect of as much as 15% occurred 
in the yellow region of the spectrum (e.ji?., radiation from a sodium vatiour 
lamp) w'here absoipliou by chlorine is minimum and only 3.5% in the 
relatively more absoibed and intense red band, vie., 6joo to 7100 X. Now 
the following considerations would appear to furnish ^ additional evidence to 
establish the ab.seuce of any relation between selective absorption of the 

incident light by a medium and the production of the Joshi 'liffect in it. 

Thai photochemical reactions, in general, posse.ss temperature coefficients 
uf small magnitude, ranging between 1.04 to 1 .4 is well known. It was 

thought that this teiiipeiature coefficient might be due to the increased light 
absorption by tlie leacting system at the higher temperature, riiis led to 
the investigation of the influence of temperature on the absorption of light 
by various .systems. Tlius Riband (igig) studied the absorption of light 
by bromiue at vai ions tempeialurcs. Dobbie and Fox (^1921) observed in the 
case of chlorine au extension of absorption towards longer wavelengths at 
higher temperatures Eater K.uhu (1926) studied the influence of tempera- 
ture on absorption in the region of the band ab.sorption spectrum around 

5000 A. It is seen from bis data that the temperature coefficient of light 

absorption in tlii.s spectral region is 1.12 at room temperature 

Thins if selective ab.sorption of the incident light were to play any 
significant part in the pioduction of the Joshi-Eflecl, an eiihaiicenient of 
the effect should be expected at higher tempcTatiiies on acouiit of iiicrea.sed 
light absoridion. The observed decrease in the magnitude of the effect 
w’llh increase of temperature, therefore, points to the conclusion that the 
effect is independent of any selective absorption 

There are stiong reasons lor not identifying the 'photoelectric layer’ 
responsible for the Joshi-liffect with that due to mere physical or chemical 

3 - 1738P— 1 
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adsorption- The fact that like NHn and SO2 which show large physical 
adsorption do not show the Joshi-Effect as icadily and as markedly as other 
gases, f.g., Hg, air etc. which show poor physical adsorption, discounts 
the possibility of any physically adsorbed layer as the seat of the phenomenon. 
Similary the anti correspondence between tenipeialure and Joshi-Kffect rules 
out chemisorption as the sole cause of the phenomenon, since chemisorption 
IS favoured by rise of temperature. The fact that electrical exitation for 
various period.s, le, ageing, is necessaiy before the system develops the 
Joshi-liffect and that the magnitude and even the nature, Lc , sign of the 
hhfect depends upon any pre-treatment given to the walls of the discharge 
lube, such as coating the walls with various substances, points to a “ variable 
adsorpliou-like layer " (Joshi. 3945). Further electrical excitation will give 
lise to particles of various life periods and activity and in the absence of light, 
these particles deposited on the walls of the containing vessel, due tip their 
surface activity may give ri.se to an “ excited layer ” (Joshi, 1946^1) 

A C K N O W Iv R 1) G j\r n N r 8 \ 

In conclusion, the authors expiess their grateful thauk.s to Prof. S S 
Joshi for the .suggestion of the problem and his kind interest and helpful 
discussions during this work. 
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RELATIVISTIC THOMAS^FERMI ATOM 

By K. P. SINOU 

(Rcfcii'cd /ot iS, igjQ) 

ABSTRACT A rt'lfitivlslic gMitialiyatinn of (he well knovn Thuinas-Fcrni! cnualion 
for the density of clctiroiiic charge in jn atom, a.s a fuiution of distance, is worked nut 
and its importance in the study of the internal conditions ptevailiug in a white-dwarf star 
has been pointed oui 


I N T H O I) IT C T I O N 


The weJl-kiiown statistical method of Thomas (1927) aucl Fermi (1928) for 
the deleiinination of the density of electronic charge in an atom as a function 
of distance is based on the assumption that the electrons in an atom comstitute 
a non -relativistic degcnci ate gas in the Fcrmi-Dirac sense. The assumption 
of a non-ielativistic degenerate gas is quite justified wlien one is dealing with 
an atom in free state oi in combined slate as in metals, but it would fail when 
one consideis highly compressed atoms as they are in wliile dwarfs. On 
account of the nstrophysical importance wc consider in this note a lelativistic 
formulation of the well-known Tliomas-Fermi equation 

The electron density of a lelativistic Fcrini-Dirac gas in absence of any 
field in completely degenerate case is given by 

where m is the rest mass of the electron and ^0 is the energy coi responding 
to the top of the Fermi level. Now if we consider the same gas present in 
a field of potential r(.v, y, z) the equation 111 will be modified to the form 



Putting F-fl 


we get the electron density as 


Stt 




+ zmr^iV 


and the corresponding charge density p = - tie is 


1 

n 

_2m£- |- 

ei}' r 


i{ch)' 


1 + 


cU. 


(3) 

(4) 
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If wc assume a static distribution of charge the Poisson equation can be 
written in the form 

- w 

r 


1 4._2mc'“ 
eV 


... (5) 


_ 327r^ e‘*D''^ 

Fuilhci if ue take the potential function as spheiically symmetiical 
so that it is a function of 1 only, wc have, 

dr^ 1 dr 


= 3 




iich)'" 


U 


( 6 ) 


The solution of the above equation imist satisfy the follouing boundary 
conditions. 

Tim Ih — ^Zr and \ 

r — >u 

Z being the atomic numliei and the integration is to be extended ovci all 
space. 

Equation (6) can be fuilhei simplified by putting, 


11 = 

r 

where 0 satisfies tlie boundary conditions, 

0 — > T as i — > 0 and 0— >0 as r — oc . 
Using relation (7) we get 

(l^JJ 2 di:_ ^ d2<l> 

di^ r di r di^' 


(7) 


and so, (6) becomes 

Z/ d^0 

f dr^ 3(ch 


xIJs. 

h\^ y 7 


I 2il1C^ 

/C«0 


d^<p - 
d? ' 


i-t 


Zc‘^^ 


We now change the variable from 1 to -v using the relation i = ax, where 


a IS the radius of the first lloJir orbit 

ii®0 _ 32 #r^c^’i^® 0 ^ 
dx^ 3lc/7)’S-2 

=«.d X+/3.3 




i+- 


2[n^me‘ 


Ze'^fp 


, and get fS) in the form 


where 


'x.[ 


... (9) 
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We have so fai considered a completely degenerate case. In what follows 
we take the effect of tcinperatuie into account.* 

In this case the electron density jn absence of the held is 


f.. 

y 2y‘^ + I 

! ' 

ync^ j 23 '' 


where 






rj= +'2i»r2£o)^ 
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1 + 


UkT)^ 


X 1 ^ ^ f f) + ( nr c ^ ® j 

($0 + 

And in the presence of field we have 

\ 2 


..U , y 






I I 


{nk'I )'^ , 


2|f4^" 1 

\2 /. 

\) 

1 t- 2mr^c I ^ r 


( \'' 

/ \‘ 



C.0 


4 1'^+ inu'^e I’ ]| 


( I< ) 


= — x(c^ir^ + 2iiu^cV)^ 

r 


X i T + X 2}r^r ^ -*■ ?vi L^e\+ (mr^)^ V 

I 2 2nic‘^cUl’^ 


'I'he equation is as before, 


^ 2 dU _ 32 n-cV /'* 

di^ r dr 3(r?r)'^ 


■ cJl 


+ 2«jr*^f IM 4- 

I -KirfcT I* X ■ - j,- v;, ,, 

Changing (t?) fjoni V to ^ as before we get, 


twe^j ^ 


nf ^ 0_ _ 3 2 e^[Z^ ® 

di'^ S(ch)'^i^ 


j-h (rrkTr^s 
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ZcH 
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(ll) 


'lo') 


* In the jion relHtivi.stic chsc the tcniperatnre effect has been considered b\ hethe 
and Marshak, 1940), 
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and if ,we put i~ax we have, 


+ 


2mc^ ax 




or 


^ I f (tt^T )2 X 


«* ; ZP‘1, a 


f”z* I , A 2tvf^nx 



where a and ft have their usual Inea^^m^» as mentioned befoic 

A numerical integration of the above equation is very desiiable since 
it will enable one to deduce accurately cxiuessions for such avStrophysically 
significant quantities as fiec election density and gas pressure, the knowledge 
of which will help one in exact investigations of the internal constitution of 
white dwarfs.* 


A C K N (> W 1 . E 1 ) O M K N T 

My thanks aie diit to Dr. K. S. Singwi loi his kind interest m the 
progress of this work. 

Dkpartmknt of Physics, 

Allahabad Univf.rsttv, 

A very accurate knowledge of density and tcmperatiiic prevailing at the centre of 
white dwarf is essential before any 4 igkt can be thrown on the nature of energy production 
proctfiis in such stars. 


R E F E R E N C E vS 

Bethe and Marshak, ig^(y, Ast. Phy ]onr. 91 , 239. 
Thomas, 1927, Proc. Cavib. Phil, Soc., 23 542. 

Fermi, iy2H, Z. PhyAtk,, 49 , 650. 



4 


DIELECTRIC CONSTANTS OF COMMERCIAL 
CASHEW SHELL OILS 

l)v S KRISHNAMURT HY ani> B. R Y. lYHNl^AU 

{Ki’ivivcd foi publication, Nov. 12, jq.iq] 

ABSTRACT tilt- ilnst time the dielerlnc eon^taiits (jf L’dininerciul cashew shell 

oil and its loiistitiieiil.s have been f.tiidied The inve.sligalions earned out on seven 
( oniinercidl samples reveal lliat the behaviour with temperature of the dielectric eonstauls 
of the tin ee mam cunstituuits of the oil, the .sodium bicarbonate nisoluldes, the .sodium 
biCLiiboinlt solubles and the neufral*. is widtdy different fioni one anothci and typical 
of tiich 

The differences m the dielectric constaril-leinperatiire curves of the oils and the 
bicaihonatt insolubles an attributtd to the viscositv effects due to the pi esence of self- 
polvmcri.sed piodiicts depending on the pre-treatment given to the oil dui ing extraction, 
and to the considerable variation ni the proportion of anacurdol (dtcarboxvlated anacaidic 
ai'id) in thr oils and Iheii bicaibonate insolubles 


1 N T R O 1) U t' T 1 O N 

It ib an established fact that the dielectric constant of a substance fs not 
a mere insignificant physical property but has a very great t>earing on 
molecular structuie. A study of the dielectric propeities of the oils is 
iiilcrestJiig and iiifoniiative from more than one aspect. There me a number 
of naturally occuinug oils (triglyceiides) who.se chemical strucliiies are 
sufliciently well established. In such ca.ses a study of dielectric constant and 
dipole muments would enable one 111 probing into the molecular structure of 
the ooustitueuls of the oil. On the other hand the data on dielectric constants 
might be used in identifying the oil or establishing its purity. It is also 
inteiesting to follow up by means of dielectric constant studies some impor- 
tant physical and chemical changes which occur, for example, when the oil 
is gradually oxidised, heat bodied, or reacted to form polymers of various 
degrees etc. An exhaustive study of the dielectric constants as a 
luiictiou of temperature and frequency enables one to assess the insulating and 
dielectric properties of the varnishes or enamels of which the oil might form 
an important constituent. 

All the oils that have been studied so far belong to the general category 
of triglyceiides. A featuie of the present paper is that tor the first time the 
dielectric constant of an oil which is not a triglyceride, but essentially a 
mixture of phenolic bodies, have been delernnued. AnoLlier special feature 
about the present investigation is that a careful study has been made to find 
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out as to how the dielectric properties of an oil vary with the source, method 
of extraction and the extent of the initial processing. In the present work, 
the constituents of the oil have lieeu seperated and their dielectric properties 
have been studied. 

Stoops (1931) made the first significant contribution to the study of 
dielectric constants of oils. He determined the dielectric constants and 
densities of tung, linseed and castor oils over a wide range of temperature, 
(-70 to loo^'C) and in dilute solutions of benzene and concluded that 
“probably all the animal and vegetable oils and fats of this class have 
moments between 2.7 to 3.7-” 

Paranjpe and Deshpande (1935) and Bhattachaiya (1936) have measured 
the dielectric constants of various vegetable oils Klectric moments in diliila 
benzene solutions have been evaluated and interpreted on the basis o^ 
molecular structure. 

Caldwell and Payne (1941) undertook the investigation of the dielectnc 
properties of a number of vegetable oils with the purpose of («) determining 
as to what extent the dielectric constant, molar polarisation or effective dipole 
moment could be employed as means of identifying various drying oils and 
mixtures thereof and (b) investigating the effect of degree of heat bodying on 
the dielectric constant, molar polarisation and effective dipole moments of 
these oils. 

Hazlehurst (1943) described the measurement of dielectiic constant of 
raw, polymerised and oxydised linseed oils and showed how the absorption of 
oxygen and subsequent oxidation of the oil could be followed by the mea^»llre•• 
ment of dielectric constants at different frequencies It has been claimed 
that as a result of this study of linseed oil, pioducts which c'ompare more 
than favourably with dehydrated castor oil have been prepared. 

HXriJltlMKNTAh 

The review of the literature has revealed that most of the work on the 
dielectric constants of oils has been made only 011 the triglycerides like castor 
oil, linseed oil, oiticica oil, perilla oil, tung oil, etc. Unlike other oils which 
are glycerides, cashew shell , oil is completely phenolic in nature. It has 
been shown that the liquid contains two phenols. Approximately lo per 
cent of the oil is present as cardol which is a substituted resorcinol of 
the following formula. 


oH 
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The substituent group is a linear chain j containing two double bonds, 
the position of which has not yet been determined. 

The major constituent of the cashew shell oil is a salicylic acid dervative 
to which has been given the name anacardic acid. It has the following 
constitution; 


OH 

|COOH 

I'he same substituent group which has been found in cardol is present 
in anacardic acid. Anacardic acid decarboxylates smoothly on thermal 
treatment to give a iiionohydric phenol known as anacardol of the formula : 


OH 



The dielectric study of such a phenolic oil has not been undertaken 
so far. Cashew shell oil is very much used in insulaling varnish and it 
makes an interesting study to find out the dielectric properties of the oil as 
well as its chief constituents Commercial oils from various .sources 
extracted under varying conditions (heat treatment, solvent extraction, etc,) 
have been chosen for the study to find out whether all the oils are similar in 
behaviour so far as the dielectric properties arc concerned. Such a study 
becomes interesting in view of the fact that cashew shell oil is known to vary 
ill composition depending on the source and method of extraction (c /. 
Table I). 

Maienals . — The following seven typical sample.s with the respective 
compositions mentioned have been studied. Of these, two samples were 
solvent extracted from coiiiiiicrcial shells, while the rc.st were typical 
commercial oils. 

A novel and thorough method of investigating the types of constituents 
present in the various commercial specimens has been adopted in this paper. 
The method consists in extracting each of the commercial oils with dilute 
alkali so as to dissolve the phenolic and acidic portion and enabling the 
neutral body to be extracted with a suitable solvent. The alkali solution is 
next saturated with carbon dioxide to liberate the purely phenolic part of the 
oil from carboxylic portion, extracting the former again with a suitable 
solvent. Kach commercial oil is separated into a neutral, acidic (sodium 
bicarbonate soluble), and phenolic (sodium bicarbonate insoluble) portion; 
and their dielectric properties have been studied. Table I gives an analysis 
4-1738P— 1 
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of the various coiuniercial samples of cashew shell oil obtained from different 
producing centres. 


'fABW 1 

Analysis of various samples of commercial oil. 


Sample 

Neutrals 

% 

Bicarb. 

.soluble , 

% 

Bicarb 

insolubles. 

U/ 

/t> 

Benzene extracted nmsted 
shell {Mangalore) 

2.0 


93 of 

Cardol corporation 
(Mangalore) 

iS-0 

5-0 

8o 0 ^ 

1 

Pierce Leslie & Co. 

(Calicut) 

I.o 

3‘0 

g5.o 

Stanes A Co. 

(Coimbatore) 

I 5 

.3.-1 


Fernandes Bros. 

(Mangalore) 

2 0 

6.0 

92.0 

Alcohol extracted roasted 
shell (Mangaloie) 

2.0 

6o 

02,0 

Naik & Co, 

3-0 

2-5 

' 94-5 


All the commercial samples of the oil have been obtained by drastic 
thermal treatment resulting in some polymerisation. The materials used 
represent the standard grade of industry available in India. No additional 
purification, except filtration and drying under vacuum for the removal of 
moisture, was made because it wa.s desired to relate the lesults to actual 
industrial practice. 

Apparatus.— The mostly widely used method of measuring the capacity 
of a condenser, first empty and then filled with the material, was employed 
to obtain the dielectric constants, 

A very simple circuit similar to the one used by Nagniani and Jatkar 
(iQ42) was used for the measurement of capacities* 
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R e; S U ly T s 


Table II gives the dieleclric constants of various samples of cashew shell 
oil. 


Table II 


No, 

Sample of cashew shell oil 

e 

30 ”^ 

ioo"C 

I, 

Pierce Lc.sHc & Co (Calicntj 

4.26 

3.87 

2. 

Benzene extracted (Ivahnratory) 

^ 43 

4.84 


1 ernaiidcs Bros (Mangalore! 

4 SS 

3 95 

t- 

Cardol Corpn. (Maugaloie) 

473 

4.99 

5 - 

Naik & Cn (Kas.sergaud) 

477 

- 

6 

Stones & Co. (Coimbatore) 

4 97 

4.12 

7 - 

Alcohol Extracted f[<aboratorv) 

6.00 

— 


Tlie dielectric constants of the oils have been arranged in order of decreasing 
viscosity. 



Dielectric con.staiils of cashew shell oils and their bicarbonate insolubles 


Fig. I 
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In Table III comparative dielectric constants of vegetable oils obtained 
by various cxpcrimenlers arc enlisted. 

Table 111 


No. 

Name of the oil 

Temp 111 "C 

e 

Frequencies 

I 

Cat^hew .shell oil 

(author) 

30 

4 60 

'average) 

800 k c 


Castor oil u) 

34 

4 - 5,5 

I k c. 


Castor oil (j) 

30 

4 54 

300-1000 k c 


Castor oil i 5) 

26 

4-45 

lOjOOoj k.c. 


Castor oil (3) 

*’5 

3 96 

45'6o 

i 

Coroauiit oil (2} 

3-1 

3-41 

I c, 


Cocoaniit oil (5) 

26 

3 25 

10,000 

A‘ 

iX'hydratecl Castor oil (3) 

25 

3-03 

45-60 M-C. 

5 - 

Linseed oil (3J 


3 20 

60 c. 


Linseed oil (2) 

34 

3 30 

I k c. 


Linseed oil (4; 

3^ 

3.23 

200 k.c 


Linseed oil (i) 

30 

3-35 

300-1000 k c. 

* ^ 


Linseed oil (3) 

25 

3 17 

45-60 M,c 

6 

Olive oil (2) 

31 

3-35 

I k.c. 


Olive oil 15) 

26 

3.25 

10 000 k c. 

7- 

Oiliciea oil (3) 

25 

6 14 

60 c. 


Oiticica oil (3) 

25 

4.22 

45-60 M.c 

8. 

Poppy seed oil (2) 

34 

3 55 

I k c. 

9 . 

Peiilla oil (3) 

25 

3.54 

60 c. 


Pcrilla oil (3) 

25 

3.23 

45-60 M,c. 

10 

Rapesecd oil (2) 

34 

30R 

1 k.c. 

11 . 

Sesame oil (2I 

34 

3 16 

1 k.c. 


Sesame oil '5) 

26 

3 S’? 

1: 0,000 k.c. 

12. 

Tung oil (i) 

30 

3 33 

300-1000 k.c 


Tung oil (3I 

25 

3-34 

1 60 c. 

i 


Tung oil (3 1 

25 

3-13 

!45-6o M.c, 


(i) SloopvS (1931) (2) Bhattacharyya (1936) (3) Caldwell and Payne (1941) 

(4) Hazlehurst (1943) (5) Paranjpe and Deshpande (193s) 
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DISCUSSION 

Table II shows that the dielectric couBtants ol different commercial samples 
of cashew shell oil vary fiom one another (4.35 to 6 at 3o“C and 3.87 to 4.99 
at ioo°C). The value for the alcohol extracted oil is minsiially high. This 
may be due to (a) some resinous constituent dissolved in the oil (/;) due to 
traces of some alcchol retained iu the oil in spite of vacuum distillation after 
dissolving the extracted oil in benzene. In view of its high dielectric cons- 
tant the presence ol even a small quantity of ethyl alcohol (e~25 at 25°C) 
could easily be responsible for the observed high value of the dielectric 
constant of the alcohol extracted oil. In many cases the dielectric constants 
is still in the increasing trend at 30°C. Hence the dielectric constants at 
ioo°C have been tabulated iu order to eliminate the dispersion effect. It is 
seen from Fig. i that at jco®C the dielectric constants are iu the falling 
legion. The dielectric constant at room temperature is found to increase 
with decrease in the viscosity of the sample. 

The available data on the dielectric constants of all the vegetable oils 
studied so far have been tabulated in Table HI, It is interesting to see that 
all the other oils, except castor and oiticica oils, have a decidedly lower dielec- 
tric coustiiut than cashew shell oil at room temperature and near about the 
frequencies used in the present investigation. Castor oil and oiticica oil show 
anomalous dispersion. The dispersion of cashew shell oil has been studied 
by varyiug Lbc temperature but maintaining a fixed frequency for measure- 
ment (c.f. Fig. i). It may be mentioned here that Ihc dielectric dispersion 
can be studied by two alternative methods : (1) By varying the frequency but 
maintaining a constant temperature. (2) By varying the temperaUne at a fixed 
frequency. The latter method has been employed in the pi esent study. It 
is well known from the behaviour of the molecule in an electrical field that 
the dielectric constaut-lemperatiirc curve should attain a maximum after an 
initial increase with temperature and finally should follow a gradual and 
continuous fall- 

At very low temperatures there is very little orientation of the 
molecules due to increased viscosity which results iu a low dielectric 
constant. With increase in temperature, polarisation increases owing to 
enhanced orientation of molecules. This is responsible for the giadual initial 
rise of dielectric constant with temperature. With further rise in temperature 
forces due to thermal agitation become predominant and consequently the 
number of oriented molecules dimmish resulting in a lower dielectric constant. 
The results of our studies on the temperature coefficient of the dielectric 
constants of the various commercial cashew shell oils and their constituents 
fully conform with the above picture. These curves. (Fig. i) arc similar in 
nature to those obtained by Bhattacharya (1944) for lac and Mead and Fiioss 
(1941) and Dakin (1943) ior vinyl chloride and vinyl acetate and are typical of 
the behaviour of viscous liquids in an electrical field. The maximum 
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dispersion is shown by the alcohol extracted sample whose dielectric 
constant varies from 6.00 at 30®C to 7.1 at So^C. 

Cardol and benzene extracted samples also show dispersion but on a 
smaller magnitude. From the ciiivcs of the above oils it is obvious that 
the dielectric constant is very near the static value at loo^C at which point 
the dielectric constant — temperature curve has already started falling with 
increase in temjjerature. The otiier samples (3, 4 and 5) do not show any 
dispersion in the teinpciatnre region studied. 

The dielectric propel tics ot the constituents of cashew shell oil separated 
according to the new scheme have been studied and the results are plotted in 
Fig. 2. In the first instance the individual constituents obtained from 
different samples have been mixed together and their dielectric properties 
investigated. 



Temp. *C— 

Dielectric constants of constituents ol cashew shell oil 

Fig. 2 

The behaviour of the dielectric constants of the three constituents with 
temperatuie is widely different from one another and typical of each. The 
curve for bicarbonate solubles shows a continuous increase with temperature 
even up to ioo'’C. This behaviour is typical of a carboxylic acid like benzoic 
acid. 

This abnormal iiicrea.se with temperature may be cither due to dispersion 
effects or the molecular association. In view of the fact that bicarbonate 
solubles are less viscous than the oils, such a large dispersion effect is not 
piobable. It has been shown that benzoic and other carboxylic acid molecules 
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associate to form dimers- The observed gradual increase in dielectric constant 
may be due to gradual dissociation of dimers of nuacardic acid with increase 
in temperature. 

Bicarbonate insolubles, the major constituent of the oils behave much 
like the oil as regards the variation of dielectric constant with temperature. 
The neutrals which foim a negligible portion of the oil have a lower 
dielectric constant with a negative temperature coefficient 

A comparative study of the dielectric constant — tenii>erature curves of the 
oils and their bicarbonate insolubles shows (Fig. i) that iu the case of Cardol 
Corporation oil, i benzene extracted oil and Stanes oi], the curves for the 
bicarbonate insolubles fall much below those of the respective oils. This is 
due to the higher viscosity of the bicarbonate insolubles as compared with 
these oils. In the case of Fernandes oil, the curves cross near 6o“C. At 
lower temperature (3o-6o°C) the Fernandes oil has a higher dielectric 
constant than the bicarbonate insolubles while after 6o®C the situation 
is just the reverse. This means that though initially the viscosity forces are 
stronger in the case of tlie bicarbonate insolubles, the decrease iu viscosity of 
the bicarbonate insolubles with temperature is so high that at higher tempera- 
tures the viscosity forces of the bicarbonate insolubles exert a lesser influence 
than that of the oils. For the Picice lycslie oil both the curves go hand ii_ 
hand. In the case of Pierce Leslie sample, evidently the viscosity of both are 
of the same magnitude. In the case of the alcohol extracted sample the 
diffeience in behaviour between the bicarbonate insolubles and the oil is 
enormous. Though in both cases the diclecLric constant is still in the increa- 
sing trend in the range of temperature studied, yet the values for the oil 
are progressively very much higher thau that of bicarbonate insolubles. All 
the anomaly between the dielectric behaviour of the oils and their bicarbonate 
insolubles are, as has been explained above, duo to the viscosity effects. It 
will be, however, interesting to find out as to what exactly is responsible for 
these differences iu viscosity between the oils and the bicarbonate insolubles. 
It is a well-known fact that cashew shell oil polymerises with heat and in this 
process the viscosity of the oil is increased. It is not yet established as to how 
the heat polymerisation of the oil occuis, and the mechanism of polymerisation 
is still to be understood. It is this polymer that is responsible for the high 
viscosity of the oil and its constitueuls. Comparatively, however, the oil is 
less viscous lu that it is diluted by the relatively mobile solubles, (anacardic 
acid) and the neutrals. Again due to the differences in the extent of initial 
heat treatment and the method of extraction of samples the degiee of polymeri- 
sation varies fiom sample to sample. This explains the difference in the 
magnitude of the anomalies that exist between the viscosity and the nature 
of the dielectric constant— temperature curve for the oils and the bicarbonate 
-insolubles, 
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There is one more point which requires careful study and consideration. 
The bicarbonate insoluble portion of the oil is known to consist essentially of 
two main constituents: (i) anacardol derived from anacardic acid by decar- 
boxylation and (5) cardol which is existing in the original oil. A comparative 
study of the dielectiic constants of caidol and anacardol ha.s not so far been 
undertaken for the very simple reason that it has not been possible to separate 
them from a mixture. Structural considerations would, however, indicate 
that their dielectric constants would be related to each other, at least qualita- 
tively, iu the same manner as that of the structurally analogous plienol 

OH OH 

/x 

, to lesorcinol 

\/ 

The essential difference between the two sets of compounds is the fact that 
'H’ of the latter is replaced by the nonpolar CisHa^ in anacardol and cardol. 
Phenol has a dielectric constant of 8.02 at ii3“C and rosocinol 14.5 at iio*C., 
(Kulkarni 1948). It is evident from this that the intioductioii in the phenol 
molecule of a 'OH' group iu the meta position results in a marked increase 
in the dielectric constant. On the same analogy one could expect that the 
‘m’ dihydroxy phenol, cardol should have a decidedly higher dielectric cons- 
tant than that of the monoliydroxy plienolanacardoL Hence the dielectric 
constant of the binary system, cardol— anacardol, would depend on the pro- 
portion of the individual constituents pre.sent. Consequently the magnitude 
of the dielectric constant of the oil or the bicarbonate insolubles would be, to a 
great extent, a function of the relative proportions of cardol and anacardol 
present in the sample under consideration. A study of the literatuie reveals 
the diversity of the composition of the raw cashew shell oil. 

Tabi^u IV 


Author 

Percentage of 
anacardic acid 

Joseph et al U933) 

90 

Patel aud Patel (1935^ 

40 

Pillay (1935) 

90 

Backer and Haack U 9 til 

67 
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Tt is se,eu from Table IV that the percentage of anacardic acid of raw 
oil varies right from 40 to 96. The lowest value of 40 percent is not very 
reliable in that Talel and Patel have arbitrarily assumed the yield of oil as 
percent. Still Backer and Haack have given a value of 67 percent which is far 
less than th«i often cpioted literature value of ' about 90%.' The consequence 
of such a wide variation in the percentage of anacardic acid 111 the raw oil is 
that the percentage of anacardol (which is anacardic acid decarboxylated) in 
the comineic»al oil is subject to correspondingly large variations depending 
on the source. Ih us the dielectric constant of the oil or the bicarbonate 
insolubles is a funclicn of its anacardol content which again depends on the 
source of the oil. 

Hence in addition to the viscosity effects caused by the heal polymerised 
products the vaiiation of the percentage of anacardol in the oil or in the 
bicarbonate insolubles could also be responsible for the differences in the 
dielectric behaviour of the different oils and their constituents. In other 
words each of the sample of the oil and its constituent is characterised by its 
dielectric behaviour depending upon (i) viscosity which is a function of the 
amount of iiolyiiieizised product lucsent and (2) its anacardol content, which 
Vdiies from source to source. 

In view of the above observations it is obvious as to liow’ futile it is to 
si)eculate on a stray reading of dicleciric coustaiil of a .‘sample of a particular 
oil The influences govcnimg the dielectiic behaviour are many and varied 
and the exhaustive studies made in ths present work on cashew shell oil 
clearly illustrate the valualfle features of this point. It would be very intersl- 
ing to study the dielectric properties of other oils with a view to finding out as 
to how factors like llje souice methods of extiaetioii and pre-treatment 
influence the dielectric properties. 

\ C K N n W k n f ; M K K T 

^I'lianks of the authors are due to Prol. P. Kainaswami Ayyar, M.A. 
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THE COMPLEX BAND SPECTRUM OF COLUMBIUM OXIDE 
(THE DIATOMIC MOLECULE CbO) 

By V. KAMAKRISHNA RAO 
Plates lA, B, C 

{Kcccivcd for Pubhcaliou, Aug. 6 , J949). 

ABBTRACT, An extensive band system attributable to the diatonic muleeule CbO is 
obtained in (he region from K 4200 to the limit of sensitivitv of the panchrcanatic plates, 
The bands are divided into three systems, A, B, C, analogous to the a, /3, v-systems in TiO 
nnd ZrO, found by Lowaler The follouing vibrational constants aie determined for the 
three systems : — 





iCf'wc' 


Xe'oi 

System A 

31400 

855.2 

3.9 

IC02.9 


System B 

(18280) 

<jg.S 

16 

1000 

^ i 

Svptem C 

(16260) 

992 

7-5 

1000 



Evidence of mukiplet structure is found and fleclronie transitions between quart c.t 
terms arc suggested as probable. 


I N T R 0 D r C T I 0 N 

The spectra of the diatomic molecules of the transition group of elements 
are of particular inteicst b Ih theoretically and experimentally. The interest 
lies in the fact that the elements contain an incomplete 'd' electron shell and 
form molecules winch give rise to bands of a very complex structure, — in 
appearance line-likc, with a considerable overlap of multiplet and partially 
resolved rotational structure. These complex features are explained by the 
identification of high multiplicity terms among the elettonic states for these 
molecules such as those established in the case of MnH (Nevin 1942, 1945) > 
Mn halides (Muller, 1943; Bacher, 1948, and Rao,‘ 1948) and CrCl (Rao 
andBao, 1949). Another set of examples of bands of this type are those of 
T iC^ and ZiO (Lowater 1929, 1932). The multiplicity of terms involved in the 
emission of this later type of bands may not be “high” but the mechanism 
of electron configuration and transitions is analogous to the first type of bauds. 
There is further an astrophysical interest associated with these oxide bands, 
since some of them are conspicuously present in the stellar spectra. The 
band spectra of the oxides knoun till now are those of Sc, Ti, V,.Gr, Mn, Fei 
Co and, Ni in the first transition group and Yt and Zr in the second transition 
^group, but there is no mention or reference till now^ in the literatureTo the^band 
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speclruni of Ihe oxide of columbium. While eiif^aged on a study of the lines 
of Cb the author first observed bands in an arc excited between Cb electrodes, 
which are of a high degree of spectroscopic i)urity and are specimens of the 
H. S. brand supplied by Adam Hilger. Subsequently, in au attempt to obtain 
the bands of CbCl molecule (a small quantity of the pentachloride was 
supplied by Johiison and Mathey) in a heavy cunenl dischaige, the same bands 
w’ere observed. These are not coincident with any known bands and aic 
assigned to the oxide molecule of columbium. An investigation on these 
bands is described in the following pages 

K X I‘ K K I M K N T A L 

The bands aie obtained in three different souices; 

1. Tn the flame of direct arc between columbium electrodes run at 22*p 
volts and 3- amperes 

2. Ill the flame of D.C. arc between giai)hite electrodes fed by colum-\ 
biuin pentachloride. 

3. In a heavy current discharge from a D.C two kilo- watt gcncratoi 
with columbium pentachloride in the quart/ discharge tube. Tlic excitation 
ill this case may be due to the formation of the oxide as a lesiilt of the easy 
decomposition of the pentachloride. 

Photographs are taken on S.R- Panchiomatic plates with a Hilger two 
pri.sni I_,itlrow spectrogrph of very high resolving and light gathering powei. 
Mcasuieincnts of the plates are made as usual and the columbium 'lines are 
eliminated by both oliservation and rtiniparison with the list due to 
Humphreys and Meggers (1945)- 

1) K vS C R I r T 1 O N O ! ■ T U R BAND v'i 

Extensive bund systenivS from A 4200’ to the limit of sensitivity nl the 
Ilfoid Panchromatic plate aie obtained. The bands may be divided into three 
groups : (Plates I A, B and Cj. 

1 . P'rom A 4200 — 5100 Definite welbniaikcd and red-degraded sequences 
of which five arc conspicuous: wc .shall designate tlicse ns system A (after 
Lowater’s system o( in ZrO)- 

2. From A 5100— 6100 :—Auothei grouji of red-degraded bands which 
docs not present any apparent sequence structure. This may be designated 
as system B (corresponding to the /? system of ZrOj. 

3. A third group from A 6100 to a long wave length limit which could 
not be ascertained as the system appears to extend into and beyond the 
panchromatic region; as can be seen from the photograph. These are closely 
packed red-degraded band.s and shall be considered as a part of system C 
(analogous to ZrO-y system). 

The possibility of the bands forming into three systems is suggested from 
an examination of the Plates, 



PLATE lA 



Band spectrum of columbium oxide molecule 
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Colurnbium oxide bands 1. contd. ). 
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PLATE IC 



(0,1) (3,3) (2,2) (tJ,'o) 
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Chromium oxide bands. 
( Glass Litlrow ) 
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1. The intensity distribution in each differs from that m any othei. 
There is a comparatively icgular distiibution of intensity in the sequence- 
starts of system /I while the sequences in syslcin B are not so conspicuous 
As we follow the sequences in system A there is an abuipt rise in intensity 
at one stage of the spectrum which suggested the need for considering it ks 
part of anothei system 71 . An analogous change in intensity chaiacteristics 
and an apparent discontinuity in the band formation at A 6100 is very 
conspicuous on plates viith long exposures. It is qiiiie likely that there is an 
overlap of conlinuuin in this region extending to longer wave-lengths. 

2. The structure of the bands also conspicuously differs fioin group to 
group and leads to the division into three different systems. There is an 
appaient partially open rotational structure in syatcin A. the structure is much 
le.ss open in system B, and, in system C there is no rotational stiiicliiic at all, 

3. Compan.son with the other knowm oxide bands also supports this 
division into three systems. TiO and Zr( ) have three systems of analogous tiands 
in the col responding regions with similar characteristics In the .spectrum 
of vanadium oxide (Maliauli, 1935' though only one system corresponding to 
sy.slCTTi A Avas analysed, mention was made of other bands lying on the long 
wave-length side of these I'he VO sy.stciri has an open lotational structure 
like that of ChO. Comparison uilh CrO bands also suggests that the system 
analysed by (Ihosli (1932) jiiobably corresponds to the system A in CbO and 
the tx systems in TiO and ZiO. The measiirenicnls of Fiirguson (1932) suggest 
the possibilty of extensive band systems lying in the infra-red region for CiO 
and V('t molecules. 

ANALYSIS 

The thiee systems described above are not isolated ones with wide 
separations bet v\ ecu them : there is a considerable amount of overlap which 
makes the pi uccss of picking out the sequence meinbeis a matter of diffi- 
culty especially in .system 71 . There is, howeve’", a laige portion of system 
A 111 the region of shorter uavc-lcnglhs which is comparatively free fioin 
overl.ip. This helped in the easy identification of the structure of the 
sequences in the system /I, and hence this is taken iij) as a .starting point 
r)f the analysis. Ihc most intense sequence appears at v 21 320 and is likely 
to be the At = o sequence. When successive diffeicnccs between the 
sequence starts arc taken wc get, beginning from the violet end the 
values arc S30, 840, 981, 971, 960, etc. It is presumed that 981, 971, 960, 
are the AG('i’) values of one electronic state and 840, 830, etc , of another 
state. As the bands are conspicuously red-degiaded we may expect less 
than and assume that the higher intervals, 981 etc., correspond to the 
ground .state differences. Thus the band heads at v 21320 and v 20340 are 
considered as (0,0) and (0,1) respectively, while that at v 22163 is taken 
as the (1,0) head. After fixing up lhe.se three bands the (1,1) band is 
located in the calculated position and is identified as such. With these 
four bands the analysis of the other bands is develojied, as shown in Table I. 



Deslaiiders’ Scheme CbO System . 
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Tablr II 

Vibrational coustaiils of systems corresponding to system C in Cb(). 


Molecule 

V<i ' 

We " 

Xr'we 

Xe ” Wt " 

'I'lO 

833-1 

1003 5 

4 5 

5 I 

VO 

864 8 

i 1012 3 

5'7 

S‘3 

CrO 

7 ■'^■7 

; 893.8 

8.9 

6 5 

MnO 

792 0 

840 7 

i 8<3 

49 

ZrO 

820.0 

937-2 

33 

3 5 

CbO 

.! 

1 1U02 9 

j 

! 3 9 

63 


The ground state (lifl'ereiices, etc., agree well with the corresponding 
values of ZrO (Zr being the element preceding Cb in the periodic table). 
A coiU])rehensive table of the ground and upper state fiequencies of the 
oxide molecules of some of the elements of the transition groups is given 
above (Table II. J The order of magnitude and the general variation show 
a legulaiity and support the correctness ot the the ideiiiification in CbO 

I N T 1C N S I 'r Y DISTRIBUTION IN S Y S T K M A 

The most intense heads of the group are the sequeiice-starls ; they fall 
on a typically wide Condeii parabola. Considering any single sequence, the 
intensity falls rapidly. The fall is very conspicuous in ^v-o sequence* 
But, one peculiarity is the abrupt change in intensity in the Av = o sequence ; 
the (y,a) band is not observed at all although higher iricmbcrs of the sequence 
are developed. In the other sequences as well, some of the earlier 
members of the .sequence are absent while the higher members are sufficiently 
intense, as is evident from the Tabic 1 . Such a general feature is nut 
uncommon in the complex oxide band.s; notably in the CrO the (i,i) band 
is very weak while the (2,2) (3,3) etc., arc much stronger. 

Another characteristic feature of the intensity distribution deserving 
particular mention is the relative intensity of the {0,1) and the (1,0) bands. 
The latter is much more intense than the former, and even comparable 
with the (0,0) band. This feature also seems to be present in other 
complex bauds as well the o.xide bands ot Ti, V and Cr and also the 
halide bands of Ain and Cr. 

S T R IT C T U R E O r THE BAND SYS T E IM 

On account of the above peculiarities in the intensity distribnlion, 
considerable difficulty i.s experienced in arriving at the vibrational structure 
of the system. Another factor also has contributed to this difficulty. 
Although each sequenoc could be generally followed unto the start of 
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the next sequence, still the fnllovvitiff up of each of the sequences after the 
first two members in'csciUed considerable difficulty. It can be seen fiom 
the j)lales and the wavc-len«:ih list (Table V) that between the (o,o) and 
(i,i) bauds there are at least half a dozen heads with fairly considerable 
intensity, whether these bands are rotational heads or inulliplct heads 
could not be 1 decided. Multiplets were detected in the bands of ZiO by 
Lowater. An attempt to find out similar malti])let structure in the 
present CbO system A is not fruitful. The question of structure (rolalionai 
01 multiplet) can be considered only after a detailed rotational analysis 
is obtained. The intcriirclation of many of the heads which are still 
unclassified, particularly those at the end of each sequence, mifthl then be 
clear The mteii.sity characteristics of the bands alone do not give us atw 
clue to their interjiretalion. Unless the rotational analysis is com])letetl 
even the question of the existence or otherwise of miiltii>leL structurV* 
cannot be decided. Even if the multiplet structure exists, the separations 
that are involved may be very small, as will be seen from a disiussion\ 
given .subsequently. 

S Y vS T K M B 


Witli the vibrational differences obtained from the structure of .system 
an analysis of system is attempted. The identification ot the Aii ~o 
sequence has not been as easy as in system ^1. From ana logy with the 
ZrO m<)lecule we may expect this system to have a common sitate with 
system A probably the lower state. AUemiils arc iheiefore made to see 
if the ground state differences of system A occur in any of the pairs form- 
ed from whal might be the sequence staiis in appiopriate regions of 
system B. This resulted lU the idenlificalioii of a number of jiairs with 
the same ground state intervals over short regions of the speelrnm. This 
IS in definite contrast to system A where no existence of such pairs could 
be found. A close scrutiny of these pairs and a consideiation of the 
relations between the wave-numbers of this and of the remaining heads, 
resulted in the vibrational scheme shown in Talilc III. Under each 
eoiiibinutioii four members art given. These are designated as a, h, c, d 
in increasing order of wave-lengths. The.se members might arise .Irom 
the multiplicity of the term. 

A discussion of the interpretation of these components is given later. It 
should be noted that all the bands do not develop these four components 

still their existence and the regularities among them appear quite definite. 

The following api»roximale vibrational constants are derived. The 
constants in the tipper state of system B are less than those for the lower 
slate consistent with the red-degraded bands. But the difference between the 
values is very small. 

~ yyS ems"^ Xg'iOe' i6 cnis“‘' 


6.5 
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System 



i5994-^'o^ 

*573i-3(*) 



System 



15940.7(1) 
(222.5) ( 

15718.2(1) I 
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Iniensity Disirihuiion : — The intensity distribution in sjystem B is highly 
complex. There is no systematic variation of the intensity of the different 
sequences or their individual members. This might be attiibuted to the 
partially open rotational structure, multiplicity of the band heads, and overlap 
of systems B and C, 

SYSTEM C 

Only one group is detected definitely in Ibis system (Table TV). It 
presents a kind of flatted structure. A definite vibrational avSsignment of a 
single group like this is not possible. The first alleiiipt was to see if this can 
be the (o,o) group, in view of its intensity but the inteivals between the 
component heads are not of the expected order of magnitude to justify such 
an assignment. Intensities, and interval characteristics have suggested on the 
other hand that it might be the (i,o) sequence. The relatively laige intensity 
of this group does not preclude the assignment as the (i,o) group instead of as 
the (o,o) group for, in this type of spectra the (i,o) sequence is nearly as intense 
as the (o,o) group. On the assumption that it might be the (i,o) sequence, 
evidence is found on the plate of a possible existence of the (2,0) sequence in 
tlie appropriate region but it is partially developed and overlapped considerably 
i)y bauds belonging to system B. 

Multiple heads are identified in some of the members of the sequence and 
arc designated as a, h, c, d similar to those found in system B. But it should 
he noted that the component separations in the two systems arc different. 

If the above tentative assignment of the observed group as the (j,o) 
sequence prove to be correct the (0,0) sequence should lie luiTher to the red. 
An investigation into this region was not possible for w^ant of suitable 
photographic plates. 

Table V 

Tist of unclassified bands in CbO 


Wa\e 


W ave 1 


Wave 


number 

Int 

number 

Int 

number 

Int 

23 ^ 73 -^ 


23528.7 

2 

2327Q.5 

3 

661.7 

2 

483.6 

3 

263.7 

2 


2 

475 ’S 

3 

249-5 

3 

629 3 

5 

460.1 

3 

229 1 

8 

616.7 

4 

452 5 

2 

224.7 

3 

613 7 

3 

445-4 

3 

210.3 

2 

606 3 

2 

439 4 

2 

180 2 

1 

599 & 

3 

426 7 

3 

172.8 

1 

586.2 

3 

414.7 

3 

i6t 8 

2 

, 57 « J 

4 

391.4 

2 

146.4 

3 

5 < 56,4 

3 

342.6 

4 

121.6 

■3 

556 7 

4 

332.6 

3 



54R 7 

5 

325 1 

4 

2307s 7 

4 

540 8 

1 

3 <’ 3-4 

2 

1 
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Table V (contd ) 


Wavr 

iiunjbei- 

Int. 

Wavt- 

iiuinbci 

Int. j 

1 

Wave [ 

mini her | 

Int. 

22t;68.7 

2 

20948.8 

4 

18359.5 

3 ■ 

95 .S -1 

3 

910.7 

5 

332.9 

2 

93^.6 

3 

876 1 

6 

282 4 

5 

905-7 

2 

832.9 


269 0 

3 

878.2 

2 

S03 3 

3 

25s 3 , 

5 

837,0 

2 

740 9 

4 

230 r 

5 

S21.1 

2 

731 4 

3 

196,1 

3 

805 0 

2 

587-9 

4 

168 4 

4 

791.6 

3 

565.2 

2 

153 1 

2 

774.0 

3 

5^7 

2 

119.3 

; 3 , 

750.8 

2 

S04 3 

1 

069.2 

3 

746 7 

2 

471 3 

2 

f' 5 S -8 

3 

■7 /\l (1 

2 

408.9 

.3 

025.8 

^ / 

730 1 

3 

3 ^ 7.5 

2 



678 4 

3 



179S7 3 


648.2 

2 

20316.5 

5 

852.4 

4 \ 

627.9 

3 

291 1 

I 

833-7 

' '1 \ 

609,9 

3 

270 4 

2 

79 .S 4 

3 . \, 

596.7 

3 

2493 

1 

667 0 

3 \ 

591-4 

2 

197 0 

3 

587.6 

3 \ 

566.8 

3 

T67.3 

2 

S <-'9 3 


4970 

5 

113 4 

1 

423-2 

7 

447-6 

,3 

053.9 

4 

39?. 3 

J 

573 i 5 

4 

0.-1.7 

4 

263.6 

3 

346 9 

2 



145-1 

3 

294.1 

4 

19975.9 

2 

01 1. 1 

2 

208,6 

2 

914 .3 

3 



jgi 9 


893-4 

T 

7674 1 i 5 

J 

182 3 

T 

823.2 

2 

733.4 

2 

104.0 

4 

723 9 

7 

676.5 

^ 1 

f»8i.8 

5 

714.5 1 

J 

646 7 

2 

069.6 

2 

671 6 1 

2 


7 

032,6 

4 

574 5 

I 





S52-6 . 

2 



21949 4 

2 

428 5 

4 



926.9 

4 

384,2 

6 



911 8 

3 

351-1 

4 


2 

893 7 

4 

346 8 

1 

493-6 

3 

870 5 

2 

323-5 

8 

475-2 

2 



287 5 

6 

458.0 

2 

21831.1 

3 

236 -4 

2 

442.8 

I 

811 5 

6 

120 8 

5 

427.9 

I 

799-6 

,3 

126 3 

5 

39 f '-2 

2 

78^.6 

3 

027.6 

3 

369 5 

I 

777.1 

2 

073 i ! 


.362.2 

t 

75 .^ 0 

4 

067. J 

2 

352.5 

1 

676 3 

6 



336.0 

2 

626.3 

6 

18985 3 

2 

232-8 

2 

58.3 0 

1; 

970 8 

4 

207.1 

0 

574-4 

6 

943-7 

1 

- o6q 0 

2 

546.4 

6 

907.6 

2 

9 53-3 

A 

528 9 

S 

874 8 

2 



490 5 

6 

83S7 

■ 3 

15846 8 

4 

447-0 

6 

69S 0 

0 

834.2 

1 

An 3 

.3 

651.9 

I 

820 0 

i 

306.2 

2 



784-0 

0 

261 5 

4 

18571.9 

3 

764.0 

1 

252 9 

4 

568 1 

3 

731-3 

J 

225 0 

3 

561.4 

i 

706.3 

1 

217.1 

2 

511.8 

3 

671,2 

2 • 

163 2 

4 

480.0 

2 

651-3 

1 

080.4 


473*8 

3 

628.4 

n 

024.1 

4 

4 . 3.3 1 

1 

587-7 

2 

on 2 

2 

.366.7 

3 
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The author, however, desires to suggest that it is a,, very important 
investigation as Tt would lead firstly, to the analysis of system C. There 
is m addition a possibility of deciding the question of the inulliplicity of 
the electronic stales involved. The system t' is specially suited for th^ 
purpose as it is obviously not complicated by the existence of the rotational 
structure. 

The intensity distribution in this system cannot be discussed in the 
absence of a complete analysis. 

V 1 n R A T 1 O N A I, DATA 

All the vibrational constants determined for the three systems aife 
collected in Tabic VI. At least for systems B and C the order of magnitude 
alone should be taken as having been determined in the present work. 
Accurate formulae are not possible to derive without measuiements on 
higher disjiersion In Tabic VII the values of the energies of dissociation 
etc., are given foi a lew allied molecules of the type CbCI The data for 
the oxides of Ti, V, Li, Mu are taken from Mahaiiti '.1935). For ZrO the valu- 
es aie calculated from Towater’s vibrational constants for system cx . The 
values for CbO are derived from .system A. 

Table VI 

Vibiational constants 111 CbO. 


vS\ stem A 1 

^1400 

«5.S 2 

3 9 

1 IDO? 9 


SvMem B I 

(i 82 ‘'u) 

cc 

i6 0 

1(100 


Sytlein ' 

1 j 6360 ' 

1 

' Q02 

7 5 

1 ' i 

1000 i 

^ 5 


Table VII 

Heat of dissociation, etc vfrom systems coi responding to system A m CbO ) 


1 

1 

1 

hitioi 

/>' 

/)" 

1 

I'-utoip 

ScO 

2 5 

46 

7 5 , 

-0 4 

TiO 

2.4 

48 i 

69 

403 

VO 


4 c 

6 4 , 

n 0 

CrO 

2 0 

i 1C) 


+ 0,1 ' 

MnO 

2.2 

1-7 

4.4 

“ 0 .s ' ' ' 

ZtO 

2.67 

' 6.2 

6 4 

+ 2 47 

CbO 

2 6 

i ^ 5-7 

A -7 

‘ + 3-6 
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A few points of interest are : 

1. In the horizontal row of molecule ScO, etc., iiatom is negligibly 
small, suggesting the probable dissociation of molecules into two neutral 
atoms in both the states. 

2. In the second transition group (Zr, Cb oxides) Eatom is large with 
the result that the molecules may be expected to dissociate probably into 
an excited metal atom and neutral oxygen in one of the states (perhaps the 
upper) . 

There is thus a similarity in members of the same hoiizontal row but 
molecules belonging to different rows exhibit largely differing character- 
istics, as may be reasonably expected. 

I? I, R C T R O N I C T R A V S I T 1 ( ) N .S / 

No definite conclusions about the electronic states of the molecule V'an 
be reached without a further investigat’oii of the rotational slructurel of 
system A, or without a complete development and analysis ot system \c'. 
Still the following oliscrvations from the allied molecules may help \n 
foiining a gencial and tentative idea of the transitions involved in the 
emission of the CbO bands- 

111 TiO and ZiO the multipbcity of the terms involved is three. The 
three systems detected ill eacli of these aie supposed to aiisc oiil of the 
following transitions. 

System a . Jl-’JI » 

/?“* ... cx)-''n. 

y ... 

In dealing with these molecules Towater suggested the above transitions 
considering the following points . 

1 . The total number of electrons in the molecule being even the 
multiplicity is odd. 

2. Clinsty (1927) in the rotational analysis of Ti() system) suggested 
that the multiplicily of the tcinis is three. The occinrciice of multitilcts (each 
member consisting of three components) supports this view of multiplicity. 

3. Lowatcr also referred to a suggestion made by Pearsc that there 
should be a resemblance between the electronic configuration of the molecule 
of TiO and of the atom of Ca. “Kach constituent of the molecule not only 
retains its own two K- electrons but also has a complete ring of eight L- 
electrons. If so, for the molecule of TiO, oxygen, gaining two electrons 
from Ti atom, resembles as a constituent of the molecule inactive neon, 
while Ti having lost two electrons resembles Ca." Thus, 

* In TiO this is due to a singlet transition. But, refer also, Gaydon and Pearse: 
“Idenification of inolccnlar spectra,'' page 192, 
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Ti has the outer configurations 3^“ 4/ and oxygen 2.v“2//, 

(perhaps it is the 4.?“ electrons of Ti that go out to oxygen ) 

The above view is borne out, as Lovvater has shown, from a correspon- 
dence between the region of occurrence of the bands of TiO, and the region 
of the atomic transitions in Ca. In general we get bands in regions 
corresponding to the atomic transitions in the element iso-electronic with 
the metallic constituent. 

These general considerations may profitably be applied to interpret 
the electronic transitions in the Cb() molecule thus . 

Cb atom has the outer most electrons 4d‘‘ 5,s'^ and oxygen has 2/>*. 

(a) The total number of electrons is ii: the multiplicity must be even 
and may be two or four. (Higher multiidicities cannot be iiossibly expected). 

There is cxpeiimental evidence, as shown above, of the existence of 
four components in each i'") member definitely in system B and iirobably 
also in system C There is ihciefore a greater pi obabilily of the multipli- 
city being four. 

(b) Applying Pearse\ suggestion, if there is a transfer or promotion of 
t^^ o electrons from the Cb atom to oxygen, there remains three electrons 
in the constituent of the molecule effective in giving rise to molecular 
terms in CbO The CliO molecule may be considered as resembling 111 its 
electronic coufigurLition the atom of yittrium which has 4d* outermost 
electrons giving rise to quartet terms. Similar quartets may be expected 
in the Cbt) bands Comparing also the correspond ing regions of transi- 
tions in CbO and Yt we obtain a satisfactory ratio as in the case of TiO 
and Ca obtained by Lowater. 

IV for system A is 21420 cms“’. 

In Yt l--3d®4.N ‘r= 15477 cms"\ 

3dUP ‘P'’ = 3747d „ 

Dificrence = 21900 ,, 

Katio is 21Q99 

^1.03 

21420 

The following tiaiisitions might be teiitatatively coiisideied for the 
dilkieiU band systems observed in CbO. 

System A: * 11 -HI 

System il : (*:i)-*ll 

System C. -HI 

Cons stent wth this scheme of electionic transitions we observed four 
components in cvcli member ui system C In system B as well similar 
niuUiplets are observed, but the separations bet w'eeu them are smaller a 
feature which may b. expected if the involved in the emission of 
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system B has a small splittiiiff In system A however, the question of 
mulitplet structure as shown iti an earlier section is complicated by the 
e^fisfejicc of rotational structure. The multiplicity correspondinR to the 
ground 'IT stale has not been detected in system A. There is no evidence 
of recurring frequency intervals that are found in systems B and C.- 
Perhai)S the effective separations are reduced to /,ero by the very near 
equality of the intervals in the intervals in the upper and lower H states, 
IL is necessary, to investigate the rotational structure of sysLoni A in detail 
before the above view can be established. 

C O M P \ R r S O N W T T H SIMILAR INI O L K G U L K S 

Og and VO are like CbO, eleven electron systems sand may becxiieoted 
lo give similar electronic states. In 0-2 the - transition was cstablis led 
by Nevin (1938) from a .study of the rotational analysis as - TI ^id 
there was good correlation between Budo’s calculations (1937) of tW- 
loLational characteristics expected for such a tiansition In VO, howevtsi’, 
Mahauti (1935) analysing the rotational structuie in one .■system suggested 
a transition ‘■^A--A. The absence of fl-type of doubling even at high 
rotational quantum numbers seem to to have led Mahauti to exclude 
the possibility ol a ground JI state ami the piosence of a short and .strong 
Q branch 1 Liled out a ground slate vSlill, as Mahaiiii himself has stated, 
the criteria of missing lines and intensity relation.s between the branches 
for low rotational quantum 11 umbers could not be used I o settle tUe question 
definitely. It a similarity of electronic tran.sition.s can lie predicted from the 
resemblance bitvveeu the electronic configurations of O.j and VO, it would be 
more probable to assume a M [ as the ground state Tlie transition of the 
system may be a ‘TI — “II. A more coinjilcte evidence for determining these 
electronic transitions would be available only if the VO bands are 
photographed full her in the rc*d than Mahauti has done. Mahanti has also 
indicated the probable existence of such bands in the infraied region. 

Chromium OKide Bands, — The chromiuin oxide molecule gives baud 
systems having a sinular complex structure From a partial vibrational 
analysis Ghosh (1932) suggested the probability of transilioiLS between 
singlet or triplet terms. Observations of his pictures and also those 
obtained by the author and reproduced in the Plate T C, reveal four 
component heads following each band at the sequence .start i e, five com- 
ponent heads in all are observed, associated with each of the Sequences starts. 
Arguing from the analogy and studying the variation of the multiplicities 
in a row of molecules such as TiO, V(J and CrO it would appear that 
quintet terms are involved in the transition giving rise to CiO, bands. 
Probably a 'II— ’ll traii.sition may be occurring. A .study of the detailed 
fotational structuie of this and the othei molecules in the transition groups 
js very desirable and would lead to an understanding of this subject of 
electronic states in such molecules. ' ' 
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TERM^?VALUES of f ELECTRON CONFIGURATION 

. Bv K. SURYANARAYANA RAO 

(R 4 CeivBi fcr fuhUtaiion, Nov, 75 , 7949 ) 

AB9T9ACIT. Ufiiing Slater's wave-tnechatLical method term values have been cdcula^ 
ted for the complex /< electron configuration in terms of the v<^ell*knowu F’s andG’s of 
Slater With the help of Condon’s tables for o“s and b‘'a, A table of these values for 
the different terms of this configuration is giveUi^ 

INTRODUCTION 

In a recent paper term values have been calculated by Rao 
(1949) for an /’ electron configuration using Slater's method (Slater, 1929) 
and compared with those obtained by Racah (1943) who adopted the tensor 
method. The present paper deals with the calculation of term values 
for the more complex /* configuration of electrons which so far has not 
been carried out by either the Slater or the tensor method. A derivation 
of these term values may be of interest in the analysis of the spectra of the^ 
rare earth elements, the structure of which is still unknown. 

Slater's method is employed for the purpose of this calculation. 
Briefly* the method may be stated thus : the solution for the Schrodingei's 
equation for an atom consisting of iV electrons, will be the product of 
the wave functions of the individual electrons if the wave function 
for the i th electron is denoted by uintlxi), where nt stands for 
the four quantum numbers I, mi and m, and xt for the four co* 
ordinates (x, y, wj. To get the required antisymmetry so as to obey 
Pauli's exclusion principle, any two x's can be interchanged* thereby 
obtaining an approximate solution with the same energy. Any linear com- 
bination of such solution which will also be an approximate solution can 
be written down as a determinant (Slater* 1929) which has got two 
important properties : M It is intrinsically anti-symmetric and (a) it treate 
an electrons alike so that no two states obtained by the mere interchange 
of quantum numbers of two electrons can be treated as different. Using 
the method of perturbations to introduce the interaction between the various 
angular momenta, Slater has shown that the energy matrix computed 
with resi^ect to the approximate but incorrect wave functions gives in its 
diagonal terms ,g9od approximations to the Actual energy values, the nod- 
diagonal terms being negligible when the magnetic interaction is neglected. 
The method of separating terms occurring more than once is omitted here. 

CALCULATION 

The total number of zero-order wave functions for any general con- 
figuration of the form is (4/ + a) Cr and so in the case of the / coufigura- 
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tion the number is equal to ^*C4'=jpoi., Out of these only those with 
positive values of Stn.* and 21 w, need be taken. The number of valid 
functions have been actually put down, taking cate to se^ that nb WJI<^ion 
repeats itself and also that* in the same function the mi, values of no 
two electrons should coincide. They have been foiind to be 400 in number 
which has been checked up by a less tedious method, starting from the 
allowed states of the f configuration. It is as follows : 

The allowed states for this configuration, are 

^iSDFGI), HP D F G H I K L M), HS D F G H I K L N) 
3243422 24 4232 

where the small number placed directly below the term symbol indicates 
the number of such identical terms. Taking the quintets, the value oft 
2m, = 2 and the corresponding highest 2m * value from the allied | 
quintets of f* configuration is 6, giving the H state. This function, 
2*, 0^) occurs uniquely and all the other quintet functions are ' 

Tablb I 



degenerate in this. Now the positive values of 2 m ^ are combined ,wa 3 ^h 
the other two positive valuses of 2w,, namely, i and 0 and the degenei^te 
functions corresponding to the quintets are thus obtained i The Sattie 
procedure has been adopted with respect to the triplets and singlets, 4 he 
unique functions in these cases being (3'*’, 2*, i*, 3") and (3*, 2*1 a"» 3*) 
which correspond to and *N respectively. It must be noted here that 
'J, and occur uniquely and all the other states are degenerate in one 
or the other or all these, the degree of degeneracy of such states ^ing 
equal to the number of times the possible wave-f unctions with 
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teristic Swi values occur. For exmpK the function Sw,«o, 
corresponding to the 'S state, is degenerate in all the higher-i singlet, 
triplet and quintet states. Thus the number of (o,o) functions can be seen 
to be 47 from Table II. Similarly, the number of functions with a given set 
of Smj, values and hence the total number of valid functions can be 
determined. A representative table (Table 1) is given above for singlets, 
showing how the number of functions with a given set of Sm,, values 
IS determined. Table II is given showing the number of functions of each 
kind arising from various states and also the total number of valid 
functions. 

The effect of degeneracy is that we cannot independently calculate 
the term values of the dengeuerate state and we have to resort to the 
diagonal sum rule of Slater (1929). For example, ®G which is degenerate 
in T is characterised by these two wave-functions ( 3 '^, a'^, 2 ') and 

3 ^, o'", I ). The energy is computed with respect to these two, 
giving 7 + From this subtracting the known value of “ 7 , the valve of 
*G is obtained. Similarly all the other degenrate states can be 
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2m, 2mi 

Quintets 

Triplets 


Total 

2 6 

x 



X 

2 5 

1 



X 

3 4 

2 



a 

a 3 

3 



3 

2 2 

4 



4 

2 1 

4 



4 

2 

5 



5 

1 9 


t 


X 

X 8 

... 

a 


a 

I 7 

l 6 

I 

t 


4 

7 

» 3 

z 

10 


XX 

I 4 

a 

13 



I 3 

3 

*7 


ao 

1 a 

4 

19 


S 3 

X X 

4 

23 

• ■ 1 

a6 

X 0 

5 

aa 

MVS 

47 

0 xo 


... 

X 

1 

^ 2 

... 

1 

X 

a 

e 8 

... 

a 

3 

5 

0 7 

... 

4 

4 

8 

0 6 

X 

6 

7 

X4 

0 S 

X 

10 

9 

ao 

0 4 

2 

13 

33 

28 

9 3 , , 

3 ' 

17 

14 

34 , , 

0 i 

4 

19 

18 

4 X 

0 ^ t 

4 

aa 

18 

44 

0 0 

5 

22 

20 

47 


total 


400 
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treated in the same way. The energies are computed in terras of the well- 
known F'b and G's of Slater v\ith the help of the tables for and b’^'s, 
given by Condon (1930). In the case of equivalent electrons, the G’s will be 
equal to the F’s. For terms occurring more than once only the average 
values arc given and are indicated by bracketing the term The calculations 
for term whose function, (3^, 2^, o^), occurs uniquely are given below 

to illustrate the procedure 

(i = Fo + oF,-2iF4-6F,-25Ga-3oG4-7Go 

= Fo-i5F, + 3f5. + i5F,-ioG,-54G.-28G, 

(i i = Fo-2oFa + i8Fi — 3oFe-o-63G4-84G6 
^ = Fo + o- 7F'4-9 oF,,-I 5G4-32G4 -io 5 Gc 

(i i F0 + 0-42F4 + 120F6-20G2-3G1-224G6 
(i = Fo + i2 F2 + 6F4-86 oF 4-2G2 -i 5G4-*35 oG 6 

’J = 6F0-95F2-240F4-1079F6 
since G's = F’s foi equivalent electrons. 

The term values are collected in Table III. It can be seen that the 
values of ®F and *5 have con^e out to be the same. 

Table HI 


Term 


Term value 


■7 

'G 

“F 

’M 

*L 

(‘K) 

(•/) 

^’H)l 


6F0 - 95F3 - 240F4 - IO79F,, 
6F0 ” 4oFa - 1 74F4 - 2 o8oF» 


6F, 


6Fo-5Fa--i32F4-27i7Fr. i 

6F„-l8o- ^ )Fa-fi59” 

6F0 - 7oFa - 105F4 - 316F, 


1717- 


1717- 


7361*64 


7361-64 


F* 


F4-316F, ‘ 


6F0- 

‘ 2 X 225 

6F0 - 15F2 - 81F4 - 1065F1 


6F, 


■ 4"Mi6rsiy' 
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CG) 6 F 9 - 22 ^ 8 - 69 . 33^4 - iosSFb 

(*F) 6Fo-( 23 5- — 74.75" )^‘'“(596 5" -^7 

y 2 X 2:5 / y 2 X io 8 q y ' 2 X 7361 64 / 

6 F« - 3 Fj- 85 .5F4“ I i7oF4 

(=D) 6F„-fi8 67-^ |f'=-h8-67-.:!i-,.l^''.-( 958 67- 


225 


1089 


7361 64 


IT) 6F, - 1 ,0 - ^ )f,- ( „ - _ 9 ^ )F.-U - ^ )f. 


*N 6Fo-(55*5- - ]p2-(75 

' 2 X 225y ' 

('D 6Fo-46Fa-23F4-i48F4 




103 5 + 




2x7361.64 /■ 


Fr, 


6 F 0 - f 8.67 - — ^ Va + ( 26 + ^ IF 4 

\ 3 X 225 / \ 3 x 1089 ) 


i'l) 


192.67- 


3 X 7361.64 


Fa 


Sfey'- 


72 - 


7361 64 


I 6F„-( 1.25 ^ 

' 4x225 


Pc;) 


F 8 ~ 22.5 


4 X 1089 


}■ 




6 F 0 -t- 8 F 1 -I- 74 F 4 - I 324 F. 

CF) 6F. + |io.7.S + + 


4 X 1089 y 


(‘D) 


536 - 75 - 


4 X 7361.64 


IF. 




(‘S) 


h(io3.5+-- ■■\— 
\ 3x7361. 


6 6“'''^ 
7361.64 y 
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A NOTE ON THE THERMAL INERTIA OF Ci.OUD 
PARTICLES 

By B. K. AOARWALA and N. K. SAHA 

{Received for publication, Nov. 2^, 2949 ) 

ABBTRIGT. In the present note the thermal lag of small liquid droplets losing heat to 
the surroundings by the processess of convection and radiation is calculated , the thermal lag 
being defined as the time required by the initial (small) temperature difference hetv^een the 

drop and the surroundings to be T educed to ith of its value The results seem to be of 

some application to meteorology in explaining the formation of an average rain drop from 
droplets. The thermal lag being a function of the radius of the drop, a temperature 
difference will exist between larger and smaller droplets m auv cloud layer. On account 
of this temperature difference the cooler drops will grow at the expense of the warmer ones. 

The present note is concerned with the determination of the thermal 
lag of small droplets (liquid or solid) losing heat to the surroundings by the 
processes of conduction, convection and radiation, the thermal lag being 
defined as the time required for the initial (small) temperature difference 
between the drop and the surroundings to be reduced to i/eth of its value. 
The results seem to have some application to meteorology but before these 
could be profitably discussed, the calculations will have to be extended to 
take account of the heat interchange through condensation and evaporation 
of the liquid, in this case water. This is prop^osed to be done in the next 
communication. 

As we can verify by an order of magnitude argument,* conduction 
does not play any important part in the cooling of small water drops. 
The cooling takes place mostly by the processes of convection and radiation 

If K be the thermal conductivity of the liquid we have 
R di 

Integrating and simplifying we have 

fl = ^oexp. j - ^ t 


where is the thermal diffusivity. 

Sa 


Thermal lag is thus given by 



In case of water hwi.s+xo** so that or a drop oi R 10^* cm., T i second. 
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from the drop surfaces, and the whole drop takes the temperature of the 
surface by conduction practically in no time. The effect of conduction is, 
however, being examined more closely and will be reported later. 

If the drop is stationary and loses heal only by radiation, the application 
of Stefan's law gives 

4AcrT,'e=-VSdjf^ ... (I) 


where cr is the Stefan’s constant and 7 = 4.2 x 10' er^is/calorie. A, V, S, and d 
represent respectively the surface area, volimiu, specific heat and density of 

the water drop, 7 \, is tlie temperature of the surrounding and denotes 

di 

the rate of coolinp, of the water drop. The teniperaturc difference ^ between 
the drop and the surroiiii dings is assumed to be small. 

Integrating (1) and simplifying we have 


B=e, 


exp. 


R being the radius of the drop and S and d being unity in case of water. 
The mean life T of the drop will thus be given by 


RJ 

T2<rT„' 


(2) 


In the case of freely falling drops the loss of heat will be mainly* by con- 
vection If ^ be the heal transfer coefficient we have 


Aae=—VSd-^^ 

d1 


(3) 


The coefficient » is connected with the Nusselt’s number Nu by the relation 


Nu = 


2R°^ 


(4) 


where X is the thermal conductivity of the flowing medium. 

Recently Kramers (1946) has measured the heat ti'an.sfei coefficient of 
small spherical particles of water in a forced flow of these iiL a viscous medium 
and has given the following empirical relation between the Nusselt’s number 
Nu and two other dimen.sioiiless quantities, the Reynolds number Re and 
the Prandtl number Pr 

/Vu = 2. 0 + 1.3 (Pr)" ’“ + 0.66 (5) 

The Reynolds number Re is determined by the relation 


... («) 
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where p and p are respectively the density and viscosity of the medium; v deno- 
tes the velocity of free fall of the spherical drop and is determined by Stokes' 

. law 

6 irn dR't (7) 

The Prandtl number Pr is determined by 

Pr= (8) 

where Cp denotes the specific heat of air at constant pressure. The heat 
transfer coefficient may thus be determined in terms of R by using the rela- 
tions (4) to (8). The various constauts involved may be taken to be those for 
air at o* C. From (3) we thus have 

T = ^- (9) 

3 « 



hogrir in cm) 

Fig. I 

in Fig. I log T has been plotted against log R, The curve 
marked 'radiation' represents equation (2) and the convection curve 
represents equation (9). Comparing the two we find that the radiation curve 
gives the upper limit for the values of T and the 'convection' curve gives the 
lower limit. It must, however, be noted that on account of the electric field 
existing in a cloud the assumption of a drop falling freely seems difficult 
2— 1738P— a 
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to maintain. The actual value of T would thus depend on the effect of this 
electiic field in contiolling the velocity of the drop relative to that of air. 
All the banie the U\o curves in the diagram provide the uppei and lower 
limits for the possible values of T. 

) riie consideiations outlined above may have a possible liearing on the 
merliLinisin of foimuhon and giouth of cloud dioiis in the atmosphere. Thus 
it seems clear that VI aler droplets of widely different sizes which may start 
originally at the same tempeiatiire will at a certain height show considerable 
tcmpcialure difl'ercnccs among themselves the smaller droplets taking readily 
the lower tempcratui e of the Uiycr while the larger diops lagging behind 
and c onsei viiig to some extent the higher lempei.iturcs of the lower layers. 
At a luigliL wlieie the sm.illLr dio[)lLts. aie substantially efiolcr than the laiger 
OIKS, it is possible that the eoolei druidets will begin to grow at the expense 
oi the wanner ones and a kind ot coroulal iiistabilily iKliting the growth of 
the druplel.s by coalescencjiig will set in. A similar [)iocess has liec-ii visualized 
by PeUeissen J^igir) m Ins theory of growth of cloud droplets in liopical 
couuincs. 

A C K K 0 \V T. p: d g :m k n t 

Our thanks are due to Prof. D S. Kothari for his kuid interest in this 
work. 
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ON THE DISTRIBUTION OF IONS IN SOLUTIONS OF 
STRONG ELECTROLYTES 

By M. DtiTTA and S. N. BAGCHI 

[Received fot piiblicalwn, Nov. 4, J9.79) 

ABSTRACT In a rcccut papei iBagchi, 1979) , it Jjccn shown llial a better and 
closer agreement between the th(* )rclical and the experimental value-s •■■f activity ctjClVu'ic it', 
are obtained, if instead of 11 jlt/inanii’'. d'stiibiitiijii functions a new clhtnbution fiincti jn, 
similar in form to that of Fenni iJii ir, be used ni Dc b> c-Huelve] theory of str mg 
clcctrohtes No dediiLtioii has been given yet for the funct.un u-.efl by Hagchi In 
tins paper, the distribution lunc Lion has been dedm ed from siiiip'e physieul prupeities of 
10ns by a method developed by Diitta (19/17, >94^. iy49)- 

In a recent paper one of the authors (Bagchi, 1949) has shown that a 
better Hiid closer tit between the theoietical and experimental values of the 
activity coefficients are obtained, if instead of Llollzniaiin’s distnliulioii 
funetioii, a new form of dislribuiiuii, analogous to that of Fcrmi-Diiac, be 
used 111 Ilebye Huchel 's tlicoiy of stumg eleetiulytes Foi tlie distribuHon 
of 10ns in the held of any 1011, the la^v was assumed to be of the form 

B ^exp 

« _ = 

B_cxp| 

wlieit lu and 11 - are coiiceiitvalioiis of positive and negative ions of charges 
» ^ and e_ respectively, is the electric potential at the place, k is the 
BolUmaiiii’s constant, T the absolute temperature and A, B+, B_ arc some 
suitable constants In the paper referred to above, this distribution v\as 
supposed to be a special type of Fenni-Dirac distribution, in the potential 
field, exactly analogous to that of Boltzmann’s distribution under similar 
conditions, so no justification lor the assiiiuijLiou of this particular form was 
given. Moreover, it was implied that the non-ideality of the solution was 
t?ue to the effect of this contiibution of the potential field, the coiiLiibution 
in the distribution due to the kinetic energy would give the ideal part. Hence 
only the disLiibiUion due to the field was cousideicd But a careful analysis 
would show that t>ucl] a separation of the effect of the total energy into the 
kinetic and the potential parts could nut be cunveiiieiitly carried out with the 
usual distribution foimula of Foi iiii-Dnac stati-stics. Fenni-Dirac statistics 
gives the distribution with respect to total energy- In order to determine 
the distribution in the potential field, the distubutiou function is to be 
integrated with resjiect to the kinetic energy, but integration with respect 
to the kinetic energy will change the lonn of the function, and so a distribution 
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fuDction for the field alone cannot be obtained in the same form as in 
equation (i). 

In the present paper, a complete derivation of the above distribution 
(Eqn. i) has been given following a method developed by one of the 
authors in connection with the statistical investigations of real gases 
fDutta, i947, 1948, 1949 a). In this method the distributions wdth respect 
to conGgurational and momenta coordinates are treated separately and 
independently. It is assumed heie that due to electrical repulsions and due 
to the finite size of ions, they cannot come infinitely close to each other 
ho there occurs some rigid volumes of exclusion viz., b+, and b+_, 
which meaiib that no moie than one positive ion can be located inside the 
volume of extension not more than one negative ion in the volume b_ 
and not more than one eilhci a positive or negative ion in the volume of 
extension b-- The available conlignratiou space is then divided into 
elementary cells of extension b, during distribution of positive ions and 
into elementary cells of extension b_ during tlie distribution of negative ions, 
For slatiSvical considerations the ions are considered as points and are 
distiibnted into the respective cells according to the principle of exclusion, 
similar to that of Pauli-Fermi, namely that not more than one particle can 
come in a single cell A cell may be either vacant 01 be occupied by a 
single ion. The distribution in the configurational space has been calculated 
after Fermi. 

The dislributiou with respect to momenta (1 e kinetic energy) has been 
considered separately in the usual way after Planck and Porentz. • 

J ^e'>ciipijon oj tin assembly 

The assembly under consideration consists of N', /V”” ions enclosed in a 
volume V Tt is assumed that there is no recombination of ions and thai 
they are completely ionised 

For considering the distribution of ions in the configurational space, 
the total volume in the configurational space has been divided into jiotenlial 
layers of volumes F,, Fj,... F,,,,-*. corresponding to the potentials i/'i, 
respectively (Dutta, 1949). Pet, at any instant, Nj, NJ,...iV,rt,...aud ATJ, 
the numbers of positive and negative ions in lay eis of volumes 
Fji» F„,,,... respectively. 

Now for investigating the distribution, every volume is at first divided 
into cells of volume b + , the number of such cells in every layer being F,a/b+. 
The positive ions are then distributed m these cells. After the distribution of 
the positive ions, the volume of every layer available for the negative ions 
would be (Vm — Nmb+^) and this available space is again divided into cells of 
volume b_. The number of such cells is (F„,-N,;,b+_)/b-. Into these cells 
the negative ions arc then distributed. 

Pet at be the number of positive ions with kinetic energy Ei aud an 
be the number of negative ions with kinetic energy En^ 
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Calculations 


Calculating the thermodynamic probability (cf. Dutta 1947, 1949) we have 


lilL 


^ \ b - J N-\ 

” Wii !( ^ - iV;. ) !' N„-. ! ( y !' ' 

Now, as usual, using Stirling's formula foi approximatiou and taking 
logarithm, we have 


X = Is ! f Vog f ^ V 


V 


l^,n-Am 6 + _ 


-iV:, log -N 


■ N,„ log NZ, 


+ N^ log N* — 2 at log at + A’' log N“ — Sa";^ log a;; 1 

i n J 

In the above exxjression for TV\_, NiJi’s and involve differently. 
This is due to the fact that for convenience of our calculation, we have 
supposed that the positive ions are distributed first and then the negative 
ions. We could have also considered the distribution of negative ions first and 
then the positive ions. But the thermodynamic probability, which is connected 
with the entropy, should evidently be symmetrical with respect to N,!;, 
bn and b_. No A' this is achieved by syminetrisatiou (cf. Dutta IV, 1949), 
log IV'= 4 (log IF+.-f log 

Thus we get 


log IV = 




^logf ]-zV,;iogNJi-( ^ -N^^logf ^ -N,J; 




VrnZ^nb^ 

b_ 

b- 




jiogi 


V,„-N;nb^ 


- logNZ 


V,n-Ntb.^ 


-iS/m logiV,rt- 
F,»-iV;; b., 


-N-llogI 


- A/ X logN;;, 


+ ^ -N-j log(^ +Ni;j| 

+ N* logN"*" — Sat loga»| — logN”~Sfl^ logan 1 

t n J 
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Now this is to be maximised subject to the following conditions 

= N~, 

n 

TO 

^N- = N’, 

m 

+ 5<2«7C“ + ^iV,te+^ + 2iV,';;c_i(t' — K 

Z n 711 711 

where N^, N~ and h remain constant in this vaiialion. 

Hence vaiiation subject to the above conditions gives 

= (for all /'i) 


( 3 ) 


= (for all n’s) 




Niuhn 


1 - m b- \ 

, ri,-N;b.J 




N;;,b- 


N,7,b_ 


N^du 


l),_. 


/ \ l'',n“iV-b.- 

(for all Ill's) 

where A_, v+, v_ and fx are I^agfrange’s undetennined multipliers,^ 
Tt will now be assumed that 


Ninb., N,7ib-. iV“b._«F,„ 

Neglecting higher order terms, we get 

Fit, / , _ _ jXmhj-\ „ 

A;,b. V '"■“ ) 

V,„ , N,T,6- _ +'“ + 

“>r; 

Writing «m= and omitting .suffices, w'e have, for any layer 

where the potential is 



I 

-,rh '1=/++'“^'*' 


n^b^ 

11 fl C/+ 'f I — C 

\ / 

and 

1 

n~b- 

/ 4-1 \ + 

6_-« (>._j = e 

or, 


+ M b,_)= ,7+^. ;, 

e +i 
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and n_b_(i •+ 

Approximaling we have 


e + 1 


^1 

e + 1 


A. 




1 

b 

r I 1 li-c + 1 

where A + , A and B- arc constants. 

Now we shall have to find out the value of /*. From Boltzmann’s 
hypothesis and correcting upto first approximation, we have from ( 2 ) 



+ N* logxV^-'^aj logai +N~ logiV““2a;; loga^j 
Substituting the values 


and 


Ntlu ^ I 
Nmh. 


17 

^ in o 


+ 1 


obtained from equation (4), we have 


.S = fe 


s( 1” ) logl I + C--* 


H 


log i + 


) 




+ i 


v„^ 

h7 


log ( I -I- N log + 

1 + “ b+ \ b_ J j + 


1 "^ 

|3 

1 

log ( 

L b. J 



ri-^- 




)( 




i + e 


+ v_+/ue_4/ J 


+ N* logN" + N" logN- + N* (K + v'i) + N“(A_ + v_) + fiE 
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Then by well-known Ihermodynamic relation 



we have 


or 


The other Lagrangian constants A+, A_, v+, v_ are to be determined from the 
equation (3) as shown already (Uutta, 1947, 1949)- 
Thus finally we have 






A- 

^.^/kT • 

B-e + 1 


1 

wer^ 


In Bagchi’s paper relerred to above, the constants A+ and 
both taken to be equal to the concentration of the total number of ions. 
Now when the charges on the ions are of equal magnitude, the average 
distance of closest approach between two positive charges should be equal 
to that between two negative charges The crystal structure of alkali halides 
also point to the same conclusion. Hence in these cases f)+ should be equal 
to b- so, . 4 + to i 4 _. Moreover, it is found to be of the same order of magni- 
tude as N. 
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the spectro-chemical analysis of molybdenum 

IN THE GREEN PEAS 

Bv M. K. GHOSH AND K. C. MAZUMDER 

(Received fot publication, Nov. sS, X949) 

rpiale II) 

ABSTRACT Thu spuctrum of the green pea ash consists mostly of the lines of P, 
Mg, Ca, K and A 1 and these can be taken as the major elements present in the ash. The 
lines of Zn, Mn, IVfo, Cu, Na, Ba, Fe and Si arc also found , from the intensities of the 
lines these latter elements can be considered to be the trace elements in peas. The quan- 
titatixc estimation of the Mo-contents has been carried out. For the Indian peas it is 
toiind to be 0.015% and for the American tinned peas, 0.007%. 

INTRODUCTION 

Spectroscopes are being used in the western countries not only for 
estiraating the ferrous aud iion-ferrous alloys but also for that of the trace 
elements in soils and agricultural and garden products The spectroscopes 
have been found quue helpful in controlling both quality aud quantity of 
these products. The technique of spectro-chcmical analysis of the ferrous 
and some of the noii-feri'ous alloys having been developed at Tata. We have 
tried to employ spectroscopes for the study of the trace elements in the plants 
and vegetables grown in the neighbourhood of Jainsliedpur. The soil 
of the locality is known not to have pronounced productivity tor vegetables 
and it is of interest to know if this is due to the absence, shortage or super- 
fluity of these trace elements generally found in particular vegetables. We 
have decided to start our investigation into this field with green peas grown 
in our garden at Jamshedpur. A preliminaiy survey of the spectrum of the 
ash of the peas showed that it consisted mostly of the lines of the eleiiieuls 
P, Mg, Ca, K and Al. The lines are very bright and numerous indicating 
that the elements exist in the ash as more than mere traces. Lines belong- 
ing to the elements Zii, Mn, Mo, Cu, Na, Ba, Fe aud Si are also found 
in the spectrum ; but from their intensities it can be concluded that their 
percentages cannot be very large and some of them are mere traces. The 
spectium of the carbon rods used for holding the ash contains faintly visible 
primary lines of Ca, Mg and Cu. A few iron lines and two Si-lines are 
barely visible. Two piimary Na-liues are occasionally visible. The carbon 
rods (graphite rods when used) are kept in dilute acid for a fairly long time, 
then washed and heated to whiteness. Just before putting the sample they 
3-1738P--2 
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arc sparked for some time. After these treatments mere traces of the lines 
of Mg, Ca, and Cu only are visible showing indisputably that the elements 
listed above are really present in the ash. The ash of the plant as well 
as that of the covers have aUiO been sparked and the spectrum photographed 
in the same way as that of the seeds. The spectrum of the salt recovered 
fiom the garden soil has also been taken. All the elements found in pea 
ash exist also in these substances. The barium lines for the soil are very 
bright ; those conespoiuling to the plant are next in brightness : those 
corresponding to the pea and its cover are rather faint. The MoTiiies for 
the soil are very faint The supply of the garden peas being insufficient 
we decided to carr> on the preliminaiy work with the dried peas, obtained 
fiom the local market. 'I'hese,' it seems, arc imported from different parts 
of Bchar Province. The relative intensities of the lilies belonging to the 
different elements are almost the same for both varieties of the peas. After 
thc.se qualitative work we started quantitative test for a few selected eleinen\s 
like, Mo, Zn, and Ba but have succeeded in finishing the work on INlo only- 

For photographing the spectra the medium quartz spectroscope has 
generally been used. But for identifying lines in doubtful cases the large 
quartz spectroscope has occasionally been used. 

E X P E R r M E n:t A b 

For the quantitative work 'Hilgcr medium quartz spectroscope only has 


been used. The following 

are the conditions for the excitation of the spectra. 

Voltage 

... 15,000 

Capacity 

... 0 005 

Inductance 

.. 0.06 MH - 

Sp. gap 

. . 2.0 mm - . 

Upper electrodes 

Pointed C-rods 

Uower ,, 

... C-rods with a cup formed at the tip 


As mentioned previously, for the initial wmrk the peas (also plants and 
soil) were obtained from the garden attached to our house at Jamshedpur. 
For the quautilative test by the spectroscope a thorough chemical analysis 
for the major elements occuring in the ash being necessary and the supply 
of the garden peas being quite insufficient the necessary stock of dried peas 
has been purchased in the local market. Peas are first washed thoroughly 
in tap water and then in distilled water. After drying in the sun the weight 
is taken. They are then burnt for about three hours in an oven, the 
temperature of which is about 75o°C. All these are done in a platinum 
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crucible. The ash is then cooled in a desiccator and Weighed. For a parti- 
culai lot the percentage of the ash has been found to be 2.70. The creepers 
and the covers are also similarly treated. For recovering -salts of the soil 
^50 gins, of it have been kept in dilute HCl for twelve days. The solution 
]S theu filtered and dried. The .spectrum of the salt has been taken m the 
same way as those of the ashes of peas, plants and covers. 

The quantitative work has been confined to the ash of the seeds for the 
present and the test has been completed only for the Mo-coutents. The 
siaifdard samples of ash necessary for the spectro-chemical work have to be 
prepared synthetically. To do so, one has to know the percentages of the 
major elements present 111 a typical ash by the chemical method. The results 
of such a chemical analysis are as follows — 


SiOj 

... 0.20% 

FcjOj 

0 

b 

AI3O., 

... 1.51% 

MnO 

... 0.19% 

CaO 

... 4-6 

MgO 

... 8.45% 

KaO 

... 50 06% 

NaaU 

Exx trace 

P.0, 

- 30.65% 

These add up to 05.79%. The preparation of the synthetic ash has been 
carried out by adding together the above items (excluding FcaOs and NaaO) 
in the following way : 

SiOj 

0.29 gm. fused and ppt. sample 

AlaO. 

1. 51 ,, made by burning alum 

MnO 

0.20 „ Merk 

CaCOs 

8.20 „ ,, 

KaCOn 

... 64.80 ,, „ 

MgO 

... 8.40 „ U.S.A. 

H,PO. 

... 42.00 „ 


equh'alent of 47V20 gr^ of Merk 89% acid. 
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H3PO4 is first added to K3CO1 and mixed well. MgO is next added. All 
otlicr items are then added and mixed well. The mixture is ignited at gso^C. 
The ash thus prepared is found in the form of lump. It is bioken into 
small pieces which are weighed in different weighing bottles. The ash thus 
prepared is hygroscopic and should be kept in a desiccator The requisite 
amounts of Am. molybdate solution (Merk) is then added to the ash trans- 
ferred to an agate mortar. They are then thoioiighly mixed The mortar 
containing the mixture is next xilaced in an air-bath at a temperature of 
about x4o''C. The mixture is then finally powdered while the mortar is 
still hot and transferred to the weighing bottles The bottles are kept in 
the desiccator. In this way the ashes containing o.oi, o 02, 0 05, o.io, 0.20 
and 0.3% molybdenum have been prepared. 

Kach of these samples is placed in tlie cup of the lower electrode (using 
a fresh pair of electrodes for each sample), sparked and the spectrum photo-\ 
graphed. A smooth calibration cuive for Mo has been obtained with these 
synthetic ashes showing that the procedure adopted is correct The Mo- 
content of the real ash can now be determined by photographing the spectrum 
of it on the same plate as those of the synthetic ashes The quantitative 
estimation of Mo by photometric measurement of the intensities of the spectral 
lines has been carried out in the usual way. It has been dCvScribcd pre- 
viously Ghosh and Mazumder (1948). 

RESULTS 

The spectrum reproduced in Plate II shows that the lines of K, P, Mg, 
Ca, and A1 are very bright ; these are then the major elerneuLs contained 
in the ash. This conclusion is supported by the result of the chemical 
analysis. The liues of Zn, Mn, Mo, Cu, Na, Ba, Fe and Si are also seeu 
in the figure ; some of them are barely visible. These elements exist in the 
ash as mere traces. They can, therefore, be spectroscopically estimated and 
we have undertaken the work of such quantitative estimation for some of 
these elements, namely, Mo, Zn, and Ba. But the lime at our disposal has 
permitted us to complete the work ou Mo only. The different estimations 
of the molybdenum contents in the ash of the dried peas, obtained from the 
local market and those of our garden have yielded the values 0.015, 0.014 
and 0.015%. A'wo of the calibration curves, from which these values have been 
obtained, are given in Figs, i and 2 The curves are regular and smooth. 
The values read from them are therefore accurate. The eslimatiou of the 
Mo-contents in the tinned peas of the American origin has also been 
attempted. Two estimations from a particular sample have yielded the 
values 0.008 and 0.006% These are much lower than those of the Indian 
dried peas* It cannot, however, be inferred from this result that the 
American peas contain smaller amount of Mo than tho^e grown in India^ 
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PLATE II 



Fig. 1, 
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The treatment given to the peas for tinning may be responsible for such 
lowei values- 



Mo ill pea a.sli lyocal pea “ Crossed circle ” - *015% 



Fig- 2 

Mo in pea asb lyocal pea- "Dot "-,014% American pea-" Dot lo6% 

We have not had the privilege o£ seeing the report of such work done 
in India or abroad- We even do not know if spectro-chemical (quantitative) 
analysis of this nature has ever been attempted in India. Our interest, 
however, is in the development of the technique primarily for the study of 
the local vegetables. 
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ON THE VARIATION OF CURRENT WITH DISTANCE 
BETWEEN THE ELECTRODES OF A GLOW 
DISCHARGE IN GASES AT LOW PRESSURE 

By M. KHURSHIiD HUSAIN 

{Received for publication, June 24, ig4g) 

ABSTRACT. Measnreiiicut of current stiengih with variation of di'^^tance between 
lliu ulcctroflcs of a glow dischaige leveal that with tlie anode in the negative glow 
the eiirreiit shows a maxima hi fore falling to zero when the anode reaches the boundarv 
Ilf Ihe cathode dark space lii the preseni papci it is suggested that when the anode is in the 
negative glow- a stream of positive ions flows from the negative glow to the cathode dark 
space, which is not inconsistent v\ith the assumptions of Sir T J. Thomson. 

INTRODUCTION 

According to Sir J. J. Thomson’s theory (1905) the glow discharge, 
m a gas at low pressure, is maintained by the continuous liberation of the 
secondary electrons from the cathode surface by the bombardment of the 
positive ions, that are produced wholly in the cathode dark space by the 
electrons Aston (igii), Geddes (1925), and Gunlherschulze (1923-24) also 
w^orking on electric discharge through gases under similar conditions found 
the dark space to be the most active region of the glow Observations by 
Schuster (1890) and Wehnelt (1890) on the formation of shadows on the 
cathode by placing solid obstacles in Ihc dark space and the diminution of 
the thickness of the cathode dark space liy the application nf a magnetic field 
at light angles to the discharge studied first by Guutherschnize (1924) support 
very much the theory put forward by *1 homsoii. 

Different explanations have, however, beera given by various experimenters 
whh respect 'to tlie supply "of the positive ions which bombard the cathode 
surface and thus maintain the discharge Ryde (1923) holds that the supply 
of positive ions to the cathode dark space is mainly from the negative glow 
which acts as an emitter and the cathode as a collector Loeb (1939) believes 
that there is always a rush of the positive ions from the negative glow to 
the cathode dark space. Compton and Moi sc (1927) assume that the flow of 
the positive ions from the negative glow will take place particularly when 
the discharge is abnormal. Compton’s view is probably based on the fact 
UiaL in an abnormal discharge the ionisation in the dark space is much less 
intense than in the normal case and it is, therefore, likely that a part 
of the supply of the positive ions may be from the negative glow. Ino 
sufficient experimental evidence is, however, available to substantiate these 
views. 
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A detailed study of the variation of current with the distance between 
the electrodes of a glow discharge under different conditions of pressure 
and voltage can only throw light on this problem. Thomson (1931) 
observed that if the distance between the electiodes is much greater than the 
thickness of the cathode dark space and the anode is gradually moved 
towards the catliode without disturbing the pressure in the tube, no change 
in the current is observed till the anode teaches very near to the boundaiy 
of the caLliode dark space when the cuirent begins to fall very lapidly as the 
distance between the electrodes is decreased and it requires a very small 
further diniiiiution in the distance to stop the discharge altogether These 
observations which v^cre probably carried out at lower voltages, as is evidenced 
by our observations, substantiated his theory 

No sy.steniatic work appeals to have been done which may throw 
sufficient light on this piobiciii. The author has, therefore, carried out 
experiments under various pressnies and voltages to study in greater detials 
the variation of the current wdth the anode at different distances liom the 
cathode in order to thiow further light on the mechanism of the maintenance 
of the glow^ discharge. 


APPARATUS 

The main apparatus consisted of a discharge tube of pyrex glass 5 cn s. 
in diameter sealed at its two ends by means of sealing wax to two hollow 
brass casts fitted with a fixed ami a movable electrode— both being brass 
discs of 4 cnis. diameter and 3 mm- thickness. The ui»per movable electrode 
was made to move up and down by the rotation of a brass rod r sealed firmiy 




Variation of Current of a Glow discharge in gases, etc. 75 

in a ground glass joint by means of sealing wax. The rod r has a toothed wheel 
t at its other end, the teeth of uhich were fixed in the groves of the stem s 
fitted with the disc d. The arrangement was such that a motion of even a 
traction of a millimetre was practicable without disturbing the pressure in the 
discharge tube. 

In order to maintain a desired pressure in the discharge tube the 
apparatus was fitted with a *Ieak system’. A flask F of a considerable 
capacity was connected to the main apparatus through a leak of a very finely 
drawn capillary c. The reservoir F was also connected to the pumps and 
could be exhausted to any desired pressure. 

The apparatus was exhausted by Oaede’s all-steel mercury diffusion 
pump backed by a Cenco Hyvac pump, and then the leak, c, wes connected 
to the main apparatus by opening the stop cock /, and at the same time the 
dischaige tube was also connected to the pumps through another capillary e. 
After a short time the gas entering and leaving the tube regulates its flow 
icsuitmg in Ihe maintenance of a constant pressure in the discharge tube. 
As the pressure in the discharge tube depends on the piessme in the reservoir, 
it can be varied by altering the pressure in the reservoir. The pressure 
adjusted by this method remains constant for several hours. 

The pressure of the discharge tube was measured by a M’cleod gauge 
connected to the main apparatus The distance between the electrodes 
was uicabured by means ot a cathetouieter. 

HXPKRTjMIXNTVL PROCRDURK A.ND RESULTS 

Having obtained the steady pressure in the discharge tube, the 
electrodes were couucclcd to a D C moloi -generator and we.^'e kepi at a 
iaiily good distance. The leadings of current and voltage were taken 
when they attained a constant value The upper electrode was then gradually 
moved towards the cathode aud its positions wuth the current and voltage 
were recorded at different distances. The movement was made slower when 
the variation in the current look jflace till the discharge went off At a 
constant pressure a number of sets of observations with different voltages 
weie taken. 

At iowcT voltages the current remains practically constant by the gradual 
decrease in the distance between the electrodes til! the anode reaches very 
near the boundary of the cathode dark space when it begins to fall rapidly 
and goes off abruptly for further diminution in the distance between the 
electrodes. At higher voltages, however, the current does not remain constant, 
but increases when the anode enters the negative glow till a certain stage 
cones when it attains a maximum value and then on further decreasing 
the distance, the current begins to fall and the discharge goes off. The 
niaxiiiium is always very near to the boundary of the cathode dark space. 
l‘he increase in the current is followed by a decrease in the voltage and 
vice-versa. The increment of current was found proportional to the voltage. 
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The graphs between current and distance between the electrodes show that the 
current after reaching the maxiniuin value decreases flppioxiniately to the 
siine value, uhich it had when the distance between the electrodes was fairly 
large. Observations are given graphically in Figs, 2, 3, 4 and 5- 



Fjg. 3 
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Fig. 5 


DISCUSSION OF RESDUTS 

TlioiTison believes that positive ions flowing' lo tlie cathode come w holly 
from the cathode dark space. On this a sumption there should be no change 
in the dischaige current when the distance between the electrodes is giadualiy 
decreased till the anode reaches the boundary of the cathode dark space. 
At the slightest decrease in this distance the current should at once drop 
to zero. 

Observations by the author confirm this fact to a great extent at only lower 
voltages when the current stieugth i.s very low. At higher voltages the current 
begins to increase when the anode reaches the negative glow In every cm ve 
there is a maximum which is always very near the boundary of the cathode 
dark space. The current then begins to decrease rather rapidly and fails to 
zero for the slightest decrease in the distance when the anode is on the 
boundary of the dark space. As the curves show that the rate of rise or th.e 
current is propoilional to the voltage applied at a constant pressvne ; it can 
perhaps be assumed that the same phenomenon occurs even at lower voltages 
but cannot be detected on account of the insensitivity of the detectirg 
instrument for variation of current of this order. 

"The electric force in the negative glow is exceedingly small, so small that 
it is doubtful if whether have at present the means of deu-rminiiig it with any 
approach to accuracy.” (Thomson, i933)- Hence the density of the 
positive ions is approximately equal to ihal of electrons in this region. As 
there is no force sufficient to diag the positive ions and the ele^roiis away, 

there will be a great loss of ions due lo their recombination. This should 
hold only so long, as the anode is at a sufficiently large distance from the 
cathode, t.e., away from the region of the negative glow- When the anode 
enters the negative glow, the electrons present in this region are attracted 
by it. On account of its potential according to I^angmuir and Mott-Smiih 
(192^), these electrons do not act as a sheath in front of the anode but pass 
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into it. Thus a number of electrons, that would have been lost due to 
recombination in the negative glow in the absence of the anode in that region, 
will now ])ass on to it, giving an increase in the ciirienl. Also the positive 
ions piesent in the negative glow will be repelled when the anode reaches 
iheie and will tend to move towards the cathode dark sjiacc. This will result 
in sending a stream of positive ions from the negative glow into the cathode 
daik space Thus the ions reaching the cathode wmU increase giving a 
rise in the current As the anode will move towards the daik space the 
number of ions entering the cathode daik space will also go on increasing 
till a stage will come when most of the negative glow will be cut off and the 
ions present in the remaining portion of the dark space will tl|emselves 
decrease, causing a dimiiiuation in the number of loiis enteringifrom the 
negative glow to the cathode dark space There wull be practicalljf no ions 
ill the negative glow that can be sent to the dark space when till anode 
teaches very near to its boundary and hence the cm rent should be the same 
as it was wl.en the anode was at a fairly laige distance from the cathode. 
Thus a kink should be observed in current-distance graph. The increment 
of the enrreut should be proportional to the voltage as the force required to 
send the ions to the cathode dark space from the negative glow' increases 
wuth the increase of the voltage. 

This shows that for lairly large distances between the electrodes the 
positive ions striking the cathode come wholly from the dark space and a 
very few may enter from the negative glow ; but when the distance is such 
that the anode is in the region of the negative glow the positive ions 
continuously flow finni it to the cathode daik space- Tliuinsoirs assumption, 
is, therefore, true for only iaige distance liLhveen the electrodes For siicii 
small distances there must also be a jmleiitlai gradient in the negative glow’ 
and there must be a deviation from Aiion’s law for the electric force in the 
cathode dark space. 

Experiments wnlli different electrodes in different gases are still 
ill progress. 
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MiCROSEISMS 

By A. N. TANDON 

{Received Joi piihlicallon, Dec. 6, uj-jq) 

ABSTRACT. The hpe. iintnre and origin of different inicroseisinic phenomrnon 
have been feununarised The relation existing between nncroseisin'i an ^ disturbed weathei 
has been discussed and tilt latest \^ork ill Auieiica on the traekhig of storms when they 
are far out at «ea, n ith the help of niicroseisms, has been described. 

Sensitive type of seisniograplis which arc used for recording distant 
earthquakes also record in addition certain earth tremors of ^ery small 
amplitudes, the origin of which cannot be attributed to any tectonic pheno- 
menon. These minute vibiations have periods which cover a wide range, 
and the amplitudes vary fiom day to day. Vibrations of this nature have been 
given the name “microseisms' In most of the studies of this subject the 
term “microseisins’ ' has been re'.liicted to mean iliose vibiations wliicli 
have a peiiod ranging from about 3 to lo seconds 

CLASSlFfCATlON 0 1' IMICROSKISMS 

Microscisms have mainly been classified according to their periods and 
forms, which laigcly depend on tJie source of origin of the microscisms. 
Bcnerji (1030) found the exisiciice of at least tlirec distinct types of 
microseisms as recorded on a .Miliie-Shaw seismogiuph luslalled in an 
underground room at a depth of 15 feet at tlie Coiaba observatory, Bombay 
The results of his investigations are tabulated l»tlow ( I'afile I). 



Tahi,k j 



Tvpt of j Range of 

Microseisuis | penods 

rum 

j I’eriod of tlie year 
when most 

1 prom men 1 

Probable cau^'C 

bong period j 10-30.*- 

Irregulai 

months 

Gusty winds pro- 
ducing waves in 
sballow' water. 

2 Monsoon tvpe 

Rogulai iV 
criiitmunus 
wave liain.s. 

I\hi\ -Sei 

(.'.eneration of 
waves bv mon- 
soon wind.s in 
deep sea. 

3 Storm type ' .ii-6sec'. 

Ch.arartcristic 
ii regular varia 
tionof ampli- 
hulu 

Buiing pre & p >st| 
nimisoon period 
whenever then' 
is stoiui ia 

Indian sea. 

Large wavet> 
generated in 
.storm causing 
pres 5 ure fluctua 
tion on sea bed 
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In addition to the above there are other types of short period microseisras 
caused by road and rail traffic, blasting operations, vibratioiib of buildings, 
etc These will be described in the next section. As lias a heady been 
mentioned earliei most workers have confined their attention to the study of 
inicroseisms with periods ranging between 2 and lo seconds, and which are 
associated with some kind of disturbed v\eather. Gilmore (1946) has published 
a classification of niicroseisrns associated with weather disturbances. His 
classification is liased on a study of seismographic rec ords during periods of 
storms in the Caribbean Sea by the method of tripartite station. The details 
ol this method are described later. According to him different kinds of 
atmospheric phenomena give lise to microseisms which can he classified 
according lo their periods, amplitude, form and duration. Any change in 
weather phenomenon over the sea within a distance of nearly 300 miles of a 
niicroselsmograpli station, can usually be lecorded as distinct type of 
microseisms Well developed hurricanes can be followed up to a distance of 
2000 miles. Gilmoie’s classification is given in Table If 

Table If 


Kind of 1 

weather. 

' 

Type 

Period secs 

Amplitude 

Form 

Average 

duration. 

Hurricaiie.s 

i 

Well formed 
peak good 
buildups. ' 

?-7 Slow 
change. 

?> to 30 

Very regular 

3 to 10 days 

Cold Fionts j 

Fair TKnk.s & 
buildups, ^ 

i“4 rapid 
change 

3 to 12 

Regnlai lo 
inegular. 

T lo 3 days 

Thunder 

.storms 

Good peaks (fe 
fair buiid up.s 

1-3 neailv 
constant 

3 to s 

Do 

3 to 7 hours 

High 

Winds 

No definite 
pcak.s, irrega- ' 
lar. 

T-10 rapid 
change 

3 to 10 

Very 

irregular. 

I to 10 days 

Fair 

No definite 
peaks, irregu- 
lar 

Irregular 

Normal 1 5 
to 2 5 

Very 

iTCgiilar. 

1 to 15 days 


PERIODS OF SI I C R O S E T S ]M S 

As has already been mentioned above microseisms have been found to 
cover a very large range of jiciiods. The prominence of microseisms of 
particular range of frequency depend upon the free period of the instrument 
used. While long-period seismographs record microseisms of longer period 
prominently, the record of the short-period instruments * have shown 
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microseisiiis of sljorlex peiiods. The most promiueul group of periods which 
arrest our attention was that in the 4-8 secs range. As eaOy as 190S Milne, 
and Galitzin in 1910 recognized, 011 the records of long peiiod instruments, 
microseisms having peiiods ranging from zo-40 secs. Banerji (1930) pointed 
out the existence of inicroseisms having periods ranging from 10 to 30 seconds 
caused by high winds blowing over shallow sea. These microsejsms are more 
prominent in winter than during the rest of the year. 

Microseisins having periods ranging from i to 3 seconds are always 
found on the records of .short-jienod instruments like Sinengnelher, 
MacelvNanc, Wood- Anderson .ind Benioff beismogra]jhs These microseisnis 
coirespoiid to one of the lype^ described by Gilmore 

About 1930 Maclewaue had noticed regular micio.seisms of periods 
between .2 to .5 secs appealing daily on the records of short-penod W'ood- 
Anderson seismographs. These niicroseisins have been cLaiacterised by 
their true Avave form, long series of waves and exceedingly low ainplituaes. 
Carder and Gilmore (1945) have also mentioned about these sliort-iieriod 
inicroseisms. The range of periods found by them lies between .15 and els 
seconds. Besides the above, inicroseisms of shortei periods (.01 to .05 sees) 
have been found in the records sensitive geophones and also on the lecords 
of seismographs installed 011 a foundation consisting of fine sand. 

A detailed study of the inicroseisms of the period range ,2 to .5 is being 
conducted in America by Ramierez (1948) who is using the method of 
tripartite stations. The units of the station are situated at a distance of 
600 to 800 ft. Kacli station has been equipped with 3 componenls^of sensitive 
capacity sci. sinographs made by Spreugnether and Co., a short period 
BeniofI niicrobarograpli and a long-period INlalewaue microbardgraph A 
magnification of about half a million is achieved for these seismographs by 
means of higli-gaiii capacity pick-up device. Rccoidmg is clone centrally 
on single tape recorder, A galvanometer bank consisting of 12 d Aisonval 
galvanometers has been specially designed. Results of the investigations 
have not yet been published 

A M P L I T U D K OF MICRO S K T S M S 

The amplitude of iiiicroseiains on a .seisinograiii depends mainly on the 
sensitivity of the seismograph, the distance of the source of inicroseisms, the 
type of lithologic foundation of the seismograph .station and the intensity 
of the disturbance at the source. Therefore, in Older to compare the relative 
amplitudes at different stations it is necessary to reduce the amplitudes to 
standard conditions of rock. The standard generally cho.sen is that of Rayleigh 
waves in the underlying ‘granitic layer’ The standard amplitude is 
delermined by measuring the observed amplitude and dividing it by a factoi 
which represents the magnification due to the sedimeutaiy layers. This 
factor depends upon the ratio of the horizontal amplitude Ah to the vertical 
amplitude Az. 
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In the case of rock, the value of Ah I Az has been found to be 0.7. 
for consolidated rocks IS nearly unity and the horizontal amplilude* 
are 20 to 100% larger. For weak formations the horizontal amplitudes 
are found to be 4 to 5 tunes larger. 

^'or a single station using a seismograph with the same constants the 
day-to-day amplitudes can be compared by directly measuring the 
amplitudes on the seismogram In order to compare the amplitudes recorded 
by various types ot mstrunients having different periods and damping 
constants it is necessary to express the inicroseismic amplitudes in terms of 
earth motion This is generally expressed in Microns (1 Mici‘on = 0.001 min). 
It has been found that the amplitudes of microseisras is much 
larger at stations situated at or near the sea coast than those 
at inland stations Systematic observations of microseismic 
amplitudes at botli coastal and inland stations have been taken and 
It has been shown that the amplitudes show a simultaneous increase 
on all the seismographic stations over a whole continent and also decrease 
simultaneously The change is more noticeable at the coastal stations. 
Various studies relating to the amplitudes of micioseisms have been undertaken 
by different workers in nearly all the parts of the world. The general 
approach has been to calculate from seismograms the average ampHlude at 
fixed hours, and then make a statistical study. Microseismic amplitudes for 
many seismological stations are available in printed tabulations. Lee (1934) 
has made a study of the g;;ographical distribution of microseismic amplitudes, 
over the European continent In India systematic study of niicroseisms 
was first undertaken by Banerji at the Colaba Observatory, Bombay. Aveiage 
values of periods and amplitudes of mictoseisms have been published by him 
for the years 1934 to 1926 in the Colaba Observatory’s annual publication. 
Banerji (1930) has also shovxn that the microseismic amplitudes of Colaba or 
Calcutta show an increase whenever there is a storm in the Arabian Sea or 
Bay of Bengal. The amplitudes increase as the storm approaches the 
recoiding station and show a marked decrease when the storm enters inland. 
During the period of approach of the S.W. monsoon, the amplitudes show a 
steady increase until the monsoon has set in when the amplitude changes 
according to the stieiigth of the .soiith*\vest winds, 

N \ T IMi H on I C R O 8 E 1 S M S 

The works of Gutenberg, Lee and others have shown that mictoseismic 
waves are surface waves in which nearly all the energy is confined to a dep.h 
equal to the wave length of the waves Lee has further shown that in these 
waves the more prevalent types are the Rayleigh types of waves in which the 
earth particles move in ellipses with the longer axis along the direction of 
propagation. Longitudinal .surface waves of the Love type in which the 
vibrations take place along the direction of propagation are nearly absent. 

5-1738P-2 
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Hs has also studied the effect of geological structure of a station on the 
recorded amplitudes of microseisms and has been able, on the assumption 
that microselsinic waves are siirlace waves of Rayleijih type, to explain the 
anomalies in the recorded amplitudes of different stations as well as the 
variation in the observed ratios of the horizontal to vertical amplitudes at 
different stations. 

The horizontal amplitudes are generally greater for stations situated 
Oil recent formations than those situated on lock. The latio of 
the hoiizonlal to vertical amplitudes depends upon the thickness 
of the surface layer over the underlying granilK layer. This effect is 
more pronoiincod on horizontal amplitudes than on vertical amplitudes upto a 
thickness ol i Ism. of the superficial layer For stations situated on Archaen 
rocks the ratio of lionzonlal to vertical amplitudes lias been found to be,o 7 
which is ill agieeinent with theory. For stations with consolidated fuLindatioiis 
the ratio lias been found to be nearly unity, as would be anticipated from y:he 
theory of Rayleigh waves iu stratified media For weak formations like 
alluvium, the ainpliUide of the horizontal component is 2 to 3 times larger 
than , that of vertical. According to the theory, no variation of ratio bf 
amplitudes with the pciiods is to be expected on rock, but on other formations 
the effect would be larger for shorter period microscisms than for the larger 
period ones. 

M I C R 0 S E I S M S AND WEATHER 

A great deal of work has been done in many countiies pf the world 
correlating the occurrence of microseisms wdlli different adverse weather 
phenomena. With the exception of earth Ireiiiors caused by road or rail 
traffic 01 other artificial means, it is now well established that microseisms are 
closely associated with weather phenomena and particularly with the 
occurrence of rough weather over the seas Linke (1909) found that 
microseisms in Apia Samoa show’ed a eonsiderable increase in ampliiude 
when a storm approached the station. In the same way Cxheizi (1930) found 
that a close relationship existed betw^een the microseisms recorded at 
Zi-Ka-Wei (near Shanghai) and approacliing typhoons in the Cliina Sea 

In India the work on microseisms was .started at the Colaba Observatory 
by Baiicrji (1930). He classified the microseisms recorded by Milne-Shaw 
seismograph according to their periods and showed that microseisms of 4 to 7 
seconds periods, wdiicli have a characteristic variation of amplitude and are 
mostly recorded during the pre-monsoon and post -in on .soon periods, are caused 
by storms in the Arabian Sea or the Bay of Bengal. He made a special study 
of a few storm in the Arabian Sea and the Bay of Bengal and was able to 
correlate the variation in iiiicroseismic amplitudes at Col aba w’ith the distance 
and intensity of the storm. It was shown by him how the microseisms can be 
of practical help to the weather forecaster. Banerji also showed that the 
high winds at sea during the monsoon period cause microseisms wlidse 
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amplitudes may be cousiderable^ dependiag upon the strength of monsoon 
w incls. The types of iiiicroseisra caused by the monsoon winds can be easily 
^identified from those caused by storm. These vibrations are characterised 
by their regular and continuous wave form. They are first visible on records 
when the monsoon advances in the month of ]\Iay. The period.s range from 
4 to lu seconds. 

A detailed study of microseisms associated with distuibed W'eather in tlie 
bay of Bengal lias been undertaken by Pramanik, Seugupta and Chakruverti 
(1946) from a study of the records ot the Alipore Observatory, Calcutta. 

'rhe other types of inicroseism associated with weather and their cla.^si" 
ficatioii has already been menlioned earlier 

S T O R iSI '1' R A C K 1 N ('. H Y M I C R O S E I S M S 

As storms ovei the seas are now known to give rise to micioseisinic 
inovemtiils, attempts have been made to find out the exact location of a storm 
over the sea vvilJi the help of inicroscisms I^ee (1935) made an attempt to 
find out the direction of appioaeh of inicioscisins by ob.serving the amplitude 
ratio of two horizontal component seismographs. His attempis, however, 
were not very successful. A partial success was made by Krug in Germany 
ill 1937 in finding tlie direction of appioaeh of micioseisinic weaves. He used 
tour iiortablc seismographs round about Gottingen and showed that mierc- 
stisms approached fiom a N-E direction and their speed was slightly more 
tlian T Km. per sec Better results were obtained by Trommsdorff in 1939 
who Used 3 of 4 sets of instruments wnth 2 or 3 components each. 

Raniicrez (1940) in America dining 1940 made a thorough study of the 
(liieclion of appioaeh of the iiiicroseisiii at Si Louis, Missourie, by using a 
tripartite station lu this method ihrte sensitive seismographs were placed 
at the vertices of a mangle having sides of a few kilometres, and records 
of all the three inslruiiients weie taken on the same drum. He was able by 
this method to track a lew storms successfully. The method of tripartite 
station is desciibed later. During the period of war when observations from 
the sea areas w'ere meagre, it became necessary for the Ameiican navy to find 
out some method of detecting hurricanes when they are far out at sea. The 
tripartite station method w’as found to have potentialities which could be 
utilised foi locating a hurricane successfully. During the year 1944 Gilmore 
W'as entrusted with the project ill the Caribbean Sea and the first tripaitile 
station was started at the Naval operating base, Guantanamo Bay, Cuba in 
September, 1944. The technique was improved latei and more stations 
started at Porto Rico and Florida in 1946. The instrumculs used were 
sjpecially designed by Macelwane and Sprengnether (1946). They utilised 
the electromagnetic method with galvanomctric recording. The static 
magnification of instruments could be increased up to 20,000. A special 
recorder was designed which could record the traces from all the 'three 
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galvanometers on single drum. Special provision was made in the recorder 
tor changing the speed of rotation of the drum as well as the spacing between 
the different traces. This method therefore could be used even when the 
recorded amplitude of microseisms were very large. 

The method of tripartite station recording is briefly described below. 



A,D&C are electrornaguelic seismogiaphs situated on the vertices 
of a triangle ABC They arc all connected by means of underground cable 
to tine? galvanometers placed side i)y -side whose coil lubvemeiils can be 
recorded photographically on the same drum- het P(J be a iiiicioseismic 
wave ft out The w avc first arrives at - 4 , then at C and finally at B. Ltt 
the time inteival between the at rival lime of the same phase at A & B be 
given by I'afj and that between .i d’ C by T„r. Knowing the sides a, b, c, 
the angle t, Tah & T av the angle, i c . tlie inclination of the wave front to the 
side AC can be easily calculated from the following relations 

Sin a = , sin^= 

b ( 

1 an «= 

k - cos » 

, _ bT,„, 
rTn, 

For Simplification of calculation it is belter to use an equilateral triangle. 
1‘he velocity v can be eliniiuated. 

With this method Gilmore 1 x^ 46 , UJ48) was able to track nearly all the 
Storms which occurred in the Caribbean Sea from 1945 on-ward. He has 
published his results in a number of publications This technique has now 
Ijeen extended to the Pacific and one tripartite station opened at Guani’ 



Microseismi 


SJ 


o R I G i N or M 11. k o s F, I s y\ s 

It is now well known that imcroseisras arc rclaUd to soiiu- type of 
adverse weather plicnoinenou High wiiiclb and storms ovei deep sea cause 
inicroscisins which have periods laugmg from 2 to 10 seconds The manner 
in which the storing or high winds over the sea give rise to these earth 
motions which are recorded thousands of miles away is not very clearly 
understood, and several theories have been suggested Lo explain the observed 
results. Gherzi in 1934, proposed that the air pumping in regions of lows 
caused by typhoons is the cause of storm type nucroseisms Jn 1930 Baner]i has 
theoretical explanation of the origin of both storm and monsoon type micro- 
seisms. He derived a mathematical expression to explain the periods and ampli- 
tudes of the microseisiiis and showed how a steady monsoon cuiTent w'ould be 
able to give vise to and niaintaui nniiute earth vibiations at the bottom of the 
sea which travel forward as surface seismic waves of the Rayleigh type 
In 1935 he further explained how the changes of pressure caused hy the sea 
waves are conimunicaled co the bottom of the sea Normally the effect of 
changes in pressure at the surlacc should die oft exponentially with depth, 
and in deep sea no small pressure fluctuations should be noticeable but 
Bauerji shovsed that if the compressibility ol water is taken into account the 
pressure disturbance can be coininunicaled to the sea bottom He also 
performed experiments in small water tanks and showed that small piessure 
fluctuations caused by generating small waves by a vibiatoi on the water 
surface are communicated to the bottom. According to Bancrji's theory the 
period and wave lengths of microscisinic waves should be the same as those 
of the sea waves which produce tlie distui bailee Gulenberg (1936, 1946) 
following ail idea of Wiecheit, postulated that inicioseisni'' are caused by the 
beating of large ocean waves against a steep coast. According lo this view 
the beating of waves against the steep coast of >Jorway was revSponsible 
for the generation of inicroseisins in north and eastern Europe He was 
.ible to explain with the help of this theory that the energy associated with 
inicroseisms could be explained if it was assumed that only i/ioou part of 
the total energy of the beating waves was communicated for producing the 
vibrations of the coast it has however been found that large inicroseisms 
are recorded at stations which have no sleep coast neai them. Mereover, as 
pointed out by Banerji, the monsoon inicroseisms make ilieii appearance 
several days before the actual arrival of the moiisoon aii iieai the coast. 
Tropical cyclones and hurricaiies give rise lo large micioseisiiis when they are 
tar away at sea without any noticeable surf near the coast, Ihese obsei^alions 
clearly indicate that the vSui f theoiy’ cannot lu count for the micioseisins 
of 3 to 10 secs, period associated with high winds and .storms over open sea. 
It is, however, not unlikely that surf is also a contributory cause to the 
microseisinic mevemeiits. The periods associated with surf inicroseisms are 
expected to be of smaller values. 
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Observations of raicroseisins during periods of storms made by Gilmofe 
(1948) with the help of tripartite stations have led him to the following 
conclusious. 

h) Typhoons and hurricanes always cause an increase in microseisms 
at a station near enough to the storm centre Microseisms are also caused by 
frontal systems, and extratropical lows accompanied by sufficient wind. 

(2) Recorded amplitudes arc directly proportional to the intensity of the 
storm and inversely to the distance of storm from the recording station. 
This effect is demonstrated by the presence of geological discontinuities 
in the path of the microseism ic waves 

^3) Different types of weather phenomenon give rise to distinct type of 
microseisms which can be identified by an experienced obseiver. 

(4) Severe storms on the open sea can generally be detected when 

they arc as far as i6uo miles, if geological discontinuities 01 large islands 
do not intervene in the path of microseisniic waves. \ 

(5) It is possible to calculate the bearings of the centre of the hurricane 
with the help of tripartite stations, the accuracy in tlie determination being^ 
directly proportional to the skill of the observer. 



Fig. 2 


Microseihins recorded at Poona on a locally made Torsion seihmograph between oS.oo hours 
I. S. T. and 10.00 I. S. T, on 22nd November ig/iS, due to .1 cyclone in the Arabian Sea near 
Bombay. 


Experiments performed by the Admiralty in England and by workers in 
America to measure the changes in pressure at sea bottom caused by 
gravity waves have shown that the pressure due of the waves is 
communicated to the bottom Deacon (1947) has pointed out 
that the existing explaiuations about the origin of microseisms in deep 
water are not satisfactory as the amplitudes of waves in deep wateis should 
diminish exponentially with depth He has also objected to Baiieiji, 
Whipple and Dee and the surf theory on the giouud tliat the sea waves are 
short in comparison to the wave length of microseisms and hence the piessute 
variations due to them would tend to cancel out and the net effect would be 
very small. This objection has been answered by Bernard (1937,1941^ by 
stating that microseisms are produced at places where wave trains coming 
in opposite direction produce stationary waves. Such condition exists in the 
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centre of a cyclone. In order to explain microseisms caused by high winds 
at sea, Bernard postulates the formation of stationary waves to be formed by 
interference between the waves travelling towards and the waves reflected 
by a neighbouring steep coast. 

An analysis of wave records obtained by Deacon, shows that the wave 
periods are double of the periods of microseisms He has also quoted an 
observation of Bernard on the coast of Morocco where the observed w'ave 
periods are nearly double the microseisinic periods. As has been mentioned 
earlier, the period of microseisinic waves and sea waves according to Banerji’s 
theory should be equal. 

It would appear, however, that the observations of wave periods by 
Bernard or Deacon have all been taken in shallow water. As shown 
by Banerji the wave periods in deep sea and shollow water by the same wind 
force are likely to be different. He showed that due to the slope of bottom 
near the coast the waves caused by wind will have a higher period. An 
increase of wind from 20 miles per hour to 27 miles per hour will increase 
the period from 7 seconds to 30 seconds It is therefore to be expected 
that, in wave records near the coast , with wind speed fluctuating between 
20 and 30 miles per hour, all periods ranging from 6 to 30 seconds should be 
obtained. The larger period waves will be superposed on the shortei period 
waves. Presumably the records of Deacon bring out their presence. 
According to Baiierji’s tlieoiy waves with periods between 10 and 30 secs,, 
should give rise to microseisms of periods ranging between 10 and 30 secs. 
These movements were actually observed by him at Colaba during periods of 
pronounced land and sea breeze. The microseisms of long period (10-30 
seconds) which have small amplitudes are not likely to be observed in the 
pi esence of strong shorter period microseisms. A harmonic analysis of the 
iiiicroseismic records may, however, bring out the presence of the longer 
jieriod microseisms in the presence of shorter period microseisms. 

Deacon has also referred to an un-published work of honguet Hyggins 
and Ursell in which they have developed a theory according to which the 
average pressure ou the sea bottom below a standing wave varies sinusoidally 
with twice the frequency of the waves and does not decrease to zero with 
depth. This theory may be able to explain the storm type of microseisms 
but will not be able to give any convincing answer to the monsoon type of 
inicroseisnis which are detected several days before the arrival ol any 
appreciable surf or swell near the coast. 

CONCI. USION 

It has now been established that cyclones over the sea give rise to 
microseisinic movements which can be detected at a far off station. The 
exact location of storm can be found by using the tripartite station and central 
recording technique. This method can be of great use to weather forecastor 
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who has issue storm waruings. During the period of war or adverse 
weather, meteorological observations from sea areas are lacking Under 
such circumstances this may perhaps prove lo be the only way of locating 
storms The presence of storms by this method, can be detected a day or 
two earlier than by means of methods using meteorological observations. 

From the theoretical point of view it appears that of all the theories 
proposed, ihe one proposed by Hancrji in 1930 still holds ground, and is able 
to explain most of the observed features of inicroseisms. 
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A STUDY ON THE POLARISATION OF X-RAYS* 

By HIRENDRA KOMAR PAL 

(Received for publicaiiont Aug, 15, 1949) 

ABSTRACT hi this paper the variations of the pola’-isation of a heterogeneous primary 
beum of X-rays with the vai iation in the (i) magnitude of the generating H.T. and (W) 
thickness of an nluminiuni filter through which the rays were transmitted, have been studied. 
It is observed that a lowering of the voltage applied or an increase in the thickness of the 
alter has the effect of producing an increased p.c. polarisation of the beam. 

introduction 

In connection with the work on the energy distribution of scattered 
X-radiation by the author (Pal, 1948) it was found necessary to determine the 
ratio PjU for the various beams experimented upon, where P and U respec 
tively denote the intensities of the polari-sed and unpolarised components of 
the incident beam. If i\ and /„ represent the intensities of the scattered rays 
m a direction perpendicular to the primary, when the cathode stream is (/I) 
perpendicular and (B) parallel respectively to the above scattered rays, then, 

P/U-ih 

and p,c. polarisation = (say). 

and 7p were measured and hence the values of P/f^ a,nd the p.c. 
polarisation were computed for the different incident radiations which weie 
either excited at different voltages or filtered to different extents through 
aluminimn, at the same voltage. For a description of the apparatus employed 
reference should be made to the aforesaid paper. 

The difference shown by the two scatterers (70 sheets of filter paper and 
a 1.8 c.iii. thick paraffin slab) in the value of P/U is insignificant. In Figs. 

1 and 3 the mean values of the p.c. polarisation have been plotted against the 
generating voltage and the thickness of the filter respectively. 

Fig. J Shows, that an increase m the excitation voltage diminishes the 
p.c polarisation oftheuiifiltered radiation. Thus, in the present case, the 
effect of stepping up the voltage from 30 K- V. (peak) to 100 K. V. (peak) 
was to bring down the mean p-c. polarisation from 8-8 to 1.3 in successive 
,-lages. This is in qualitative agreement with the results obtained originally 

^ A part of the thesi.s approved for the Ph,D. Degree of the University of Edinburgh. 

6—1738?— 4 
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by Barkla as early as 1908, which indicated that the polarisation varied from 
about 9 to 2.5% on hardening the rays by increasing the P. D, applied— 



Kilovolf 

(Unfiltered) 

Fig. I 


and subsequently by Khubchandani who raised the voltage from 30 K, V 
(peak) to 80 K. V. (peak) in a single step with a consequent degradation 
in the p.c, polaiisation from 8.5 to 2.0 Basslcr (1909) also noticed a pro* 
gressive fall from 16 to 2% as the spaik-length (Fuiikensticcke) of the 
generating induction coil was extended gradually from a mminium of 4 c.tn. 
to a maximum of 20 c-m. But in these early works of Barkla a'nd of Bassler 
information is lacking with respect to the actual values of the H. T, applied 
to the X-ray tube. The diminution in the polarisation with increasing 
voltage may partly be ascribed to the fact that at higher voltages, a greater 
amount of secondary radiation, which is iiiipolarisxd, is emitted from the 
anticathode, thus cutting down the proportion of the polarised part. 

It IS also interesting to note that if logic Q is plotted against the corres- 
ponding voltage V, a graph is obtained which is fairly a .straight line as 
may be seen from Fig 2. Hence the relation between Q and V may 



Kilovolt — 
(nnfiltered) 

Fig. 2 
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be expressed to a considerable degiee of accuracy by an empirical equation 
of the form Q = A exp- (~BV) ; at least within the range of voltage used in 
these investigations, — where A and B aie constants presumably depending 
upon the tube emitting the radiation . 

Fig. 3 shows that when the incident radiation at a constant H. '1*. is 
hardened more and more by filtering through increasing thicknesses of aluiiii- 



FlG. 3 

Ilium, the px. poUuisalion steadily rises up. This also is in accord with 
the results of Darkla f/oc. c// ) and Flam liQio) ami of Klmbchandaiii, the 
last of whom found tliai at 8 o K. V. (peak) the pi oportion of polarisation 
suffered an increase from 2 U) 3 03% when the nnfiltered radiation was 
passed through 5 m.ni. thickness of alummiuiii. A similar increase produced 
by the process of transmission of the rays through absorbers such as platinum, 
water, etc , was also reported by Bassler (1909). Tins increase in the pola- 
rised component is usually explained on llie supposition that the filter absoibs 
more of the softer secondary radiation leaving behind a greater percentage 
of the polarised primary radiation. 

The relation between the p.c polarisation of the filtered radiation (at a 
constant voltage) and the thickness of the aluminium filter appears to be a 
fairly linear one as in Fig. 3, at any rate up to the maximum absorption 
occurring in these experiments. 
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CIRCULAR AND ELLIPTICAL QUANTUM ORBITS 


Bv M. F. SOONAWALA 


^l^eceived for piibUcaiion, Sept. 55 , iQ~'fS 


ABSTRACT, ftomu further implications of the gravitational inverse cube law of 
attrarlioii between two ])arti('lcs (halucocl in a prev-nus paper from a generalization of the 
quantum laws are diseussed here The treatment is extended to elliptical orbits and 
expressions derived for the force of attraction between the particles, the energy of one 
of the particles, and the Conditions for the change in the quantum numbers, 

Til a previous paper (Soonawala, 1947), the fundamental laws, as given by 
Bohr for circular electronic orbits, were slightly modified to be applicable 
to the nucleus also. Generalising this for a system of two particles of any 
mass and charge an alternative expression was derived for the force of 
attraction between the two particles in terms of their masses and the distance 
between them. Logically, this expression avSsumc.s the same lole as the 
one for the electric force of attraction, E, E^/r, as cither of these has been 
derived from the ceiUiifugal force We are hence led to the equivalence 
of the two kinds of forces expressed by 



EiEn 

(i) 



giving 


(2) 


4 T'M/UimjEiE^ 

and the energy 

ri^ _ 2 of 

Jr(m, + 

... (3) 


'I'lie gravitational force can also be expressed as 


Avhere , = i -do and (m, + nu.) is the sum of the masses of the 

477 lU 


particles. An alternative exiiression is 
477 H T 

where ju is the reduced mass given by 

i = TY.iL. + .L.) 
fi. M\ vii nii / 


101 ^ Wj yii j 


... fs) 


( 6 ) 



96 


M. F. Soonawala 


Kcjii (2} gives the equilibrium values of t, and for these the orbits are quantized 
The gravitational foice preponderates at shorter distances and the electric 
one at greater distances* By the ordinary dynamical theory, the inverse 
cube law leads to spiral orbits of the type 

^ =A cos-»j(^~o() (7) 


according as 


?r h * 

— : -77- -2 is less than or greater than 


47r''?17i/jpM_ 


1 1 IS the 


latter condition that is satisfied in oin case. This would give 01 bits of the 
type (7) with only the gravitational foice acting as when both 01 either of tin. 
two particles are uncharged. 


ELLIPTICAL O R P I T S I 

The treatment can now be extended to elliptical orbits for two opjiositely 
charged paiticles. I,et ni, and be Ibe ninss-minibers of the particles, IM 
the mass of the proton so that the masses of the particles are Mul and ^'hn2^ 
and Ki and the charges upon them one being positive and the other 

negative. l,ct the co-ordinates of the two pai tides referied to the centre 
of mass be r,, y,, Cj, and lo, .Vj, 'I'lie equations of niolion will lie 


d\, 

_ (X'l Xj) 

dl- 


d~v^ 

dE 

= _ J^Fjy, y 1 
1 ' 

d‘^z, 

df- 

_ . E,KM -j 

dE 

„ _ ElEniXn- x, ' 

r 


dt r 

Mm. =- E.iiaf-. ■ 

dt‘ t’ I 


Also, 

m,Xi + ni, 1:2 = 0 j 
Miiyi -I »H2T2 = 0 
nh£i + 7n 2^2=0 ' 

t 

1 

, ... (()! 

Or. 

nijr^ = m2r3 


.... fio) 

and 

tHi 77 ^ ^ mi + W2 

U U Ti + Ta 

... (IT) 
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wlierii fi aud ^2 aie the distances oi the particles from the centre of mass 
and i = ri + ra. Combining (8) with (9) we get 


Mm 


di' r \ m-i J 1 \ in._, / 


nr K 2 V 1 . 

dL^ y\^i> ’ 

and two siinilai equations. 

/X IS the reduced mass until her given by 


(13) 


/X Jill in.2 

VVe may take the plane of the orbit to be the ly-plane. Then the orbit 
will be an elliptical one given by 


and 

di' 1' ’ di' f' 


I14) 


lor one particle refeired to the othei . 


Here 


X Xn t j ^ 

.v=3^j'“.ril 


(15' 


The orbit foi tlie second particle is also a similar ellipse with the centre of 
mass as one focus As tlie iclatioiis (rll 


?3 ’i ^ 



ajc to hold simuitaneously, ihe paths of the two oilnts will be as shown 
iFig. 1;. aA, bB, c6, dD, eE, are conesponding positions of the panicles in 
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their orbits. If Ui and a. arc the seiniHiiajor axes and h and I3 the lalus 
recta, then, also, 

miai = m 2 aA 


The quantum conditions for the tv\o 01 bits will be, as usual, 


,, J d0\ iiih 

I ^: ) = 

\af/i 2 <T 

■■ (17) 

M,n...rAf) = 

\di/2 277 

... (iS) 

J Pii dr=n,'h 
(» 

... (19) 

1 

r" 

/ p^r.dr — nJh 

1 

... (W 


iind ?i;j' are the four quantum miinbers We can .see from Kig-i. 
that the angulai velocity, dO/dif must be the same at any instant for both 
the particles. Hence, since = nui^, 

Ih. = Vhli\ = (31) 

no vi^r./ ^3 tn, 

Let Hi— 51 ) 1.2 and )i2 — s)ni (22) 

Also, for an elliptical orbit derived from the inverse sqnaie law, 

dt ^ (I ^ M/i )i + )i' 2nmM 


where a and b are the semi-axes of the clli]) 5 e 
Then = '"3 

' a, mr (112 + njr m, 


(nr^ Y 
\ iio + yi-J / 


m, „ 

}) 1 .j Hi 


Let iii = snh} n2 = s)nj, (n, -h »/)- = . s'nji, and (»ij+ n/)“ = Ahno 
then, ni'= s/ s')ni — sm2, and 112 = Vibnj — iin. 


THE FORCE OF AT T R A C T I O N 
The central force of attraction between the particles is given by 

F = M»rt7 (fX -Mm “f-! 

\dt/ di‘ 
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.4^ =Mm 


= -( 

Mm = 


Mm 

ill dfi\ 




dt 


di‘ 

dl\ 


dU 

dt\ 

dO dtJ 




^ ( Mm 



' k 

dr\ 


dt' dr h 

d'^r 

dO 


di\ 

de 

dt/ 

dl\ 


doJ 

?'■ 

didd 

dO^ 

di 


- t' (dr\ 

r“ \deJ 

"dO 

\it 


d'i 

dS^ 

dO 

dt 

„ V dOi 
1 di\ 

I 

. 1 

d"» 

dft- ~ 


3 P 

r 

de 

di 

p nr 

jj 



1 


n 

1 1 

_ r( 

H 

\ 


T znMrnr 




1 

_ 

\ t 2 ; 

tMiut’’ I 


n 

w 
, J 
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t 

_i/ 

n 

) 








4ir^mMl 1 

1 ' ' 

rl\ 

n + n' j 

' 1 








dOJ 


Here, 


cli 2ir 


and the equal loii of the ellipse is 

//r = I + e cos 0 

'I'he foicc of allraction is, then, given by 

p'~ _ __!}! ] ^ ILl - 

bn'^M JinJit/ (»ti + «/)“ HiiTj/i® (inH iij'y vh^r.jz 

.m] fdoy, fdoyl 


fsq) 

< 3 o) 

(31) 


n. 


fr 

S-^M 


njiin-JiI’jU'U^ s' ( 

, .fdf^y 


li‘ 

Hn^M I s‘ 


S i I , I y mi + j»i.V 1 

-- Uh, Ta 2 + ni^«iJ( — - 1 y^T ~7 \ 

s' \ tniuin / UiH’/a) (ri + Tj) 

2 2 / »»l "I nln 1 (_ 

I n/pHa' ) (U + l 2 ){r,r.,r \ 

+ "/'»/)( -.. ( 3 a» 

Stt-' \ m^tUi } ir, + r2)^ 

C II A N G IC Ul-' (JUAN T U M N U M H K R S 

I<el the quantum number Vi change to /i, + so that {Z2] becomes 

111 H' = (a + AA')tHa •■■ ( 33 ) 


'lid, correspondingly, 


712 + = (j« + Aj)771i 
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If, simultaneously, rij' changes to nZ + Ani', then, 

tii' + A?i/= Vw,( + (a'"H AaIjuj 

or An 1 = x/ nij V s' ~ in j 

and, An^— V >,7^ A V a'" nti (34) 

The siiiiultaneuus fiillilmeiit ot the conditions thal n 1, An/, An j', >11, 
and are to be integets and that a and s' arc restricted to the group defined 
by nij and 1112 imposes severe restiictions upon the selection of Aw,, Atig, 
An/ and An^'. 


E N K R G Y n E V 1* A R T I C h E 

The energy will be given by 

rr^_ Ej/'.a _ 2Ei“E2“;r“Jlf-j«,‘ 

201 //m(m,+?i/)® 


(351 


N ( ) N-n h L 1 1* T I C A L O K in T S 


The condition 


Mm?-' 


dO 

di 


nh 

27 r 


(36^ 


holds good for all central orbits. If, further, the orbits are similar and 
described about the common centre of mass, then, 


m,r, ™ MiiT. 


or, 

1 _'=: -”* 



7-2 fill 


The 1 elation, 

Spi.df = n^p 


would lead to expressions 

for n' as a functiem of mass- 

■numbeis and distance 

depending upon the shape of the orbit and its constants 

The orbit will be 

given by the equations 

dy Jii) I 

mA'~’ 

(37) 


M _d p 

... 13 ^^'' 

or, 

m p' * dr 

vhere 

2 d& 

A =r‘^. — 
dl 

... ( 3 ''' 


/ (r) is the force of attraction between the particles, and is the perpend i* 
cular fiom the origin to the tangent at any point. 
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We can here examine a little more closely ihe non-elliptical orbit jiiveu 
by the inverse cube law mentioned in (7). The equation of the orbit is 


— 




where 




T 


'41) 


With n = - 

T 

i he first term, 


M{m I + 
miWZo. 


(421 


IS of the order 10'-® or less for any plausible values of mz, and la. , and, 
hence, 11 = t The orlnt becomes 


u~A cos (^ — cx) , ^43) 

which, in iectanj?iilar co-ordinates is of the form 


. I V H- By + C =■ 0 . (44 ) 

'Phis denotes a straisht line Fmther, il (x = o, the criuation of the line 
becomes 

(45^ 

:i sUaight line jmrallel to the v-ixis. The two particles appi oaching each 
other from infinity would move along parallel straight lines, pass each otber 
at the apsidal distance, iiul move on to infinity The paths wdll be straight 
lines described wMth uniform velocities. 


t' I K C r b A R ( ) R lU T r N 1) R R I N V R R S R C II R R A T T R ACTIO N 
If the central acceleration is the condition foi a circular orbit 


mU be 

n" 

70 ) = - ; 

... ^46' 


r 



a 

... (47I 


S n P E R P O S R I) IN V R RSI? S Q U A R E AND I N V R R S V. 
C IT R H C R N T R M, R O R C RrR 

For a central orbit 


^=X, a constant. 
at 
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The equation of motion foi the inverse square law of the forni-^ is qiven hy 

1 



II 

+ 

( 48 ^ 

and the .solution is 

= + B COS 

( 49 ) 

with 

a{j — e 1 

(50) 

and 

r~ 1 

LSI) 

Let an inverse cube force be snperjiosed on this so that the total force is 



F = fLU- + fLy1i^ ..j 

LS2) 

The equation of the orbit 

now is \ 

i 


d'w / _ /^i V ^ 

- aO ~ A ‘ 



As seen from (17), (4), (41), (42^ is of the ordci lo”^- or less ; hence, 
the equation of motion reduces to the ellipse ^48) again. The existence 
of the inverse cube foice is thus seen not to affect the elliptical motion 
under the inverse square law. This is a i>articulai case of Newton’s 
Revolving Orbit Theorem according to which the orbit described under a 
central force of attraction remains unaffected when a central inverse cube 
force is superposed on the original one excepting that the orbit revolves in 
its own plane about the centre of attraction with a uniform angular velocity 
In our case, the revolution ahso vanishes 

]VlAriAKAJ^'S CotUIGK, IaTT'TTU 
(RajpuTava) 


R E K R E N C 1<: 


S(»oiia\vala, AT E., 1947, Jovr . Pliys ., 21, 137. 
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SPECTRUM OF THE FLAME ABOVE A COPPER ARC 

IN AIR 

By S. P. SINHA and SHYAM CHANDRA PRASAD 

(Received for Publication, March 25, 1949) 

Plate III 

ABSTRACT. The .spectrum of the flame above a copper arc in nir has been photo- 
ginphccl on a glass prism spectrograph with .1 dispersion of about 12 X per mm at A5500A, 
and all the radiations between A-] S. o and A^-po X have been measured. A large number 
Ilf bands exist. The origin and sti ucliirc of most of them do not seem to be very well 
iiiidei .stood. A tentative arrangement for three s> stems r f bands is given. 

INTRODUCTION 

The spectrum of the flame above a copper arc in air does not seem to 
have received the altention it deserves, by virliic ot being associated with 
such a common source of radiation m a spectroscopic liboraiory. It is 
I'ulieved that the radiation of the llane IS chiefly due to Cut) which lias au 
mleiisc system of band m the orange and red reginn and some iveak bands 
111 the green. Several nieasuremeiils of the orange and red bands have been 
])nlilislicd (jMulhkeiJ, 3925 ; Mahanli, 19^-0 ; Loomis and Watson, 1935 ; 
PcLirsc and Gaydon, 1941 ; Rosen, iej45 and Guntseh, 1946), and some of these 
w orkers have also attempted an analysis of them, each in his own way. As 
for the bands in the other regions there docs not seem to exist even a 
complete ineasiireincnt of them (Hertenstein, 1912 , Fearsc and Gaydon, i94^ j 
Rosen 1945J Lcjuciie and Rosen, 1945 and Rao, 1946) It was, therefore, 
considered nccessaiy to photograph the spectrum c'f this flame and to make a 
complete measurement of the wavelengths of all the radiations present in it. 
T his has been done and as a result it has been found tliat the spectrum is 
quite complicated and the structures are not easily understood, hull details 
me given in the following sections : 

RXri 5 RIMBNTAI/ 

The copper ai'c used was run from no volts D. C- supply. Ihe electrodes 
\\cic horizontal and the image of the flame above the level of the electrodes 
was thrown by means of a lens over the slit of a glass Li^tiow spectrograph 
having a dispersion of about 12 ^ per iiiin. at X5500 X. U.Kposurcs of about one 
and a half hours on Ilford Special Rapid Panchromatic plates were iiecessaiy 
'0 get the fainter bands with au intcnsit}^ so that they could be read in the 
aiicro.scopc- The iron arc was used for comparison. A copper arc was also 
-xposed side by side in order to eliminate the copper lines from the spectrum 
'if the flame. 

8— 1738P— 3. 



104 


S. P. Sinha and S. C. Prasad 


DKvSCRI?T10N OF THF SPECTRUM 

The spectrum of the flame is given in Plate III. The prominent features 
of the spectrum are the very intense bands in the orange legion, one or two 
intense bands in tlie green, a laigc n umbel of comparatively faint bands in 
the orange, yellow and green and the stiong green and yellow lines of copper, 
which could not be eliminated, although their relative intensities have been 
considerably reduced The fainter bands can apparently be put into several 
groups described belovi 

Beginning from the short wavelength side, the first group starts at A4828A 
and extends up to A4C)i6^^ There are y prominent bauds 111 this region 
with heads at AA4828.5, 4836.5, 4S45, 4S52.5, -1862.5, 4871 5, 4882.5, 4893-5 
and 4916^. The last band is the most intense of the lot, although the others 
also are quite strong. The fainter bands of this group have heads at AA4852 5, 
4876. 4901, 4904 and 4gijA. \ 

The second group lies between A4976 and A5o4o^. Two bamls at 
AA5030 3 and 5039. 5 A have distinct heads, both degraded to the iccl. Vi'hc 
bands at AA4976.T, 4982 7 and 4989 6X are somewhat less intense 'Hese 
are also degraded to the red. There is a strong band at A4996I This is 
quite broad and does not show any head The measurement corresponds 
to the centre of the baud. It is possible that there may be a faint structure 
at A5002 A which is masked by the aliove band. Tlie other faint striiclures 
are at AA5005.9, 500S.7 and 5011.9X. 

A single intense hand lies at A5(J7 t 4 A. It is degraded to the led but 
is quite blurred Another intense band occurs with head at A5227.8A, 
degraded to the red. 

A third gioup starts at A5274 A, 4 distinct bauds appear with heads at 
AA5274 o, 5278.9, 5282 7 and 52S5.6A. They all appear degraded to the red, 
but they arc all so nanow’ that they look more or less like lines There are 
faint band heads at AA5302 6 and 5304.6 A, followed by two stronger ones 
at AA5307.4 and 5312 oA 

Again there are two bauds, compatativcly isolated, the intense one with 
head at A5345.1 A and the faint one, at A5347.9 

A fourth gioup of bands aiDpcars between A5150 and A5500A. Nine 
heads have been inea.siired, which seem to be gradually converging towards 
the short wavelength side They all appear degraded to the red The more 
prominent amongst them have their heads at AA549671 and 5488 2 A. The 
others follow at shorter wavelengths with gradually decreasing separation 
and intensity. 

A moderately intense band is ob.served at A5529.5 A., degraded towards 
the red. Another one which is a little blurred appears at about A5557A 

A fifth group of bands is observed between A5827 and A5895A. Some 
of the bands of this group are blurred. The stronger and more distinct ones 
are at AA5847.6 and 5856. oA. 
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Wavelengths of bands in the flame above a copper arc in air. 
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A sixth group of bands appears between A.5922 6 and A5g65^. This 
group of bands is folio\Ncd by the very strong bands in the orange and red 
regions extending up to Our measurements in tins legion are in 

geueial agreement w ith those due to Peaise and Gaydon (19^1). The bauds 
are degraded to the red. The slriictuic is cuin])lex, consisting of several 
heads ot varying intensity 

A complete list of all ivavelenglhs measured is given in Table 1, and can 
be generally taken to be correct to within + .lA. 

The intensities given are visual estimates, and the notations in that column 
have the following significance : ^ means strong, m means medium, w means 
weak, V means very and ? means that the band measured was so faint that 
its existence IS doubtful. Measurements included in biaces mean that the 
corresponding bands did not clearly indicate which way they uere deg|'aded 
and ill such cases either both the ends and the centre or at least both tl 
have been measured. All the other bands were degraded to the red. 

DISCUSSION 

We will consider the strong bauds in the red and orange and the faintei 
ones dispel sed over the entire yellow and green regions separately. 

(a) Bands in the orange and red legions. An analysis of the bands in 
this region v\ as proposed by Malianti (1930), but this is doubled by Loomis 
and Watson (1935). Rosen (1045^ cairied out a vibrational analysis of these 
bands and found that they could be represented by the equation , 

v== 16222 -625 u'^ + 3 274 v' 

A diffeient equation for the vibrational analysis of these bauds has been 
proposed by Guntsch (1946). According to biin 

Vo = 16273.9 + 2S5 '-9.2 u'^-318.6 ii'' + 4.4 where u=v + ^ 

Guntsch gives evidences in support of his equation He has also 
carried out the rotational analysis for 5 bands of this system and believes 
them to be due to transition of CuO molecule. The B values are 

=0.632 and B'„ =0 591 cm"^. Our own arrangements, as given in Table 11 , 
is in agreement with Guntsch’s equation, but it suffeis from certain defects, 
viz , (i) the agreement is not as good as could be expected, (2) the vibrational 
differences are not very satisfactory and (3) all the bands in the region aie 
not accounted for by this arraiigenient, 

(b) Bands in the green and yellow regions. Although some of the 
measurements given in Table I in the yellow region may be associated with 
the orange bandsi it seems doubtful if all of them can be accounted for in 
this way. Nor does there appear any clue for classifying the yellow and 
the green bands from an inspection of the spectrum. At any rate, then 
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appearance is so different from that of the orange and red bands that it does 
not look probable that the entire stuff can be attributed to the same emitter. 
Vet certain bands, from their appearance, seem to suggest some sort of 
regularity. Thus the bands, referred to as belonging to the first group in 
the previous section, indicate, from their appearance, that it should be possible 
to arrange them in some sort of fragmentary system This is easily done, 
QS given in Table 111 . 

Table II 


scheme for orange-red bands 
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Ddujtfs that the cone^ponding band ha's been taken fiDtii Pearse and Oavdon (1941). 


Tabu III 

'-7/' scheme for the baiid.s between A4S28 and X4916A. 
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The lij's are, however, so much different from those suggested for the orange- 
led system by Guntsch that it is difficult to believe that those two systems 
are due to the same emitter, 

The bands in the other groups mentioned in the previous section do not 
generally seem to suggest any order Some bands, however, between A5270 
and A5530I, can be picked up from the spectrogram and their separation 
mdicated that they might belong to one system. Such bands are given in 
Table IV . This system may be attributed to the same emitter to which the 
orange system belongs, t.e,, to CuO- But here again none of the w's agree 
and if both the systems belong to CuO, the states involved are ell different. 
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Table IV 

v'-^v" scheme for some bands m the green region. 
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* This band is strong, but its head is not distinct. The centre had to be measured. 

More work seems necessary to clarify all these points. 
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A NEW LABORATORY HYDROGEN CONTINUUM 

Bv S. K. BHATTACHARYA 

{Received fo^ publication, Dec, S, iQ/jg) 

ABSTRACT A simple high intensiti In drogtn d'scliargt Uibc* ns a sou ce foi ultra- 
violet light IS described This Indrogen timtnumm snurcf is verv simple and easy to set 
u,i m any laboratory 


T N 'r R O D r C T T O N 

Jn this laboratory a special discharge tube was bciug made to study the 
emission spectra of the alkali hydrides During this persuit the present 
hydrogen discharge tube was made Through this a continuous flow ol pure 
hydrogen gas was maintained at a pressure less than i mm, a Cenco- 
Hyvac pump evacuating all the lime and the discharge tube was then 
s[)arked. The spectrum photographed by an Adam Hilger H2 spectrograph 
showed the performance of this hydrogen discharge tube as a hydrogen 
conliuiium very good. The present hydrogen discharge lube being extremely 
Minple in comparison with those of the previous workers [Bay *and Steiner 
I1Q27) ; Lawrence and Eldefassen (1930) ; Kistiakowsky (1931) ; Nanda 
(1045)] is described in detail here. 

'flic Dischdrfre Tube The discharge tube was entirely made of pyrex 
tdass except the quartz windows W at the ends which were sealed in by 
iihellac, 'Phe discbaige tulic is shown in Fig t. It consists of the long uibe 



Dn (75 cm. long, S mm. boie) having a capillaiy tubing C f (32 cm long, 
2 min. bore). The electrodes EE used were hollow cylindrical tungsten clec- 
uodes sealed by tungsten pyrex seals. The electrodes were not touching 
idass walls. 

E X E k 1 M ti N T A L 1* R O C E D V R R 

hig 3 shows the experimental arrangement. Hydrogen gas, prepared 
'Turn magnesium and hydrochloric acid, was collected m a gas holder. The 
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Fig- 2 

hydrogen gas was passed through a water trap A, an empty flask B, a|' senes 
of fused calcium chloride tubes fj, 6%, and finally through phosphorous 
pcntoxide tube P before il leally entered the discharge tube. The discharge 
tube was connected to the Ccnco-Hyvac pump through a manometer 
M. The water trap A was used for two reasons ; firstly to absorb any traces 
of hydiochloric acid gas, if present, and secondly to indicate the rate of the 
flow of hydrogen gas passing through the discharge tube from the rates 
of bubbling within a period of tune. An Adam Hilger s[iectrogiaph was 
used to record the spectrum. The sparking ai rangemeiit used to run the 
discharge tube was the sparking apparatu.s foi vSpcctroscopy (catalogue nos. 
F2S1, F282, F283) supplied b> Adam Hilger, Ltd. ^ 

R E S U I. T vS 

A number of plates were exposed at varying lates of flow of hydrogen gas 
through the discharge tube and also at different sparking voltages ((S,ooo V , 
10,000 V ; 12,500 V ; and 15,000 V). The Ilford Special rapid panchromatic 
plates and nietol-hydroquinonc developer were used during the experiment 
The most intense hydrogen coiilinuuni developed when the rate of hydrogen 
gas flow was 100 bubbles per 70 secs, and the sparking voltage was 10,000 
volts. The duration of exposure lu this case was 15 minutes 

A t: K N O W Iv E 1) G M E N T 

The author wishes to express his gratitude to Prof M. N. vSalia, 1 ) Sc 
F.R.S., for his keen iiilere.st 
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,aman spectra of organic crystals at different 

LOW TEMPERATURES. I. CHLOROBENZENE 
AND TOLUENE* 

By A. K. RAY 

{Received for puhUcatiorif Feb. 9, 1950) 

Plate IV 

ABSTRACT. The Raman spectra of solid chlorobenzene at two different temperatures 
c i: , -6/C and -:So"C and of solid toluene at -ic5“C and -iSo*C have been investigated. 
Ill each case five new Raman lines have been observed The frequency shifts of these 
iincb lie betueciM5 enr^ and 135 cm“*. In the case of chlorjbeiizene all these Hues are 
(disci ved to shift a\Nay from Ihc Rayleigh line, some by 3 cm"> and others bv about 6 cm"* 
iMicii the sol'd is cooled down from -6o“C tj -iSo*C, while in the case of solid toluene 
(ovir uf the five lines remain almost in their orlg'nai p isitions and only one of them at 
j(i() rin"^ shift*" to no cm"* when the cr>slal is cooled to -iSo'C. The intensities of these 
new lines do not diminish VI ilh the lovvering of temperature. Some of the lines due to 
iiitcinal o«-t illations of the molecule are also observed to undergo changes with the change 
of temperature. It has been pointed out that the results canine be explained satisfactorily 
by assuming the new lines to be due to angular oscillations 0' the molecules in the lattice as 
has been done by some pievicus workers, 

INTRODUCTION 

The Raman spectra of many organic compounds in the solid state at low 
lemperatuics were studied by pievious workers 111 order to understand the 
liUise of changes winch take place in the Raman spectra when the substances 
ill- bulidified at low temperatures. The most important change which takes 
Iiloce in the Raman spectrum of some organic compounds is the appearance 
of new lines in the neighbourhood of the Rayleigh line. This was first 
oljhcrvcd by Gioss and Vuks (1935) who attributed the origin of these Hues 
la lattice oscillalious. Sirkar (1935, 1936I showed that some of the lines in 
Ilk' low frequency legion observed in the case of solid diphenyl ether 
j 'lsibt ill the liquid state and even uhen the substance is dissolved in 
('vclohcxaiie. It was also observed by bim that the frequency-shif^^s of the 
-aw lines increase with the low'ering of temperature of the crystal in the 
' of naphthalene. Tater he pointed out (Siikar, 1937) 

Ware very intense in the case of naphthalene and similar other substances 
Laving centro-symmelrical molecules, although trauslational oscillations of 

molecules in the lattice were forbidden in the Raman effect in these cases^ 

• CoiDinuaicBted by Prof S. C. Sirkar. 

3~I738P-3 
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Bhagavantam (1941) investigated the problem with the help of group theory 
and came to the conclusions that although the lattice oscillations involving 
translational oscillations of the molecule are forbidden in the Raman effect 
in the case of centro-syiiimeliical molecules the three degrees of rotational 
freedom of the molecule can give rise to six Raman lines in the case of the 
naphthalene lattice the unit cell of which contains two molecules. He thus 
came to the conclusion that the new Raman lines yielded by the solid state 
were due to lotational oscillations of the molecules in the lattice and the 
hypothesis put forward by Sirkar (1937) that these lines might be due to 
formation of new iiitei molecular bonds iu the solid stale was unnecessary 
Kastlcr and Rousset (1941) also independently pointed out that the new linef 
observed iu the case of naphthalene and a few othei aromatic compounds iii 
the solid slate were due to rotational oscillations of the molecules in tliL 
lattice about the three axes of the molecules. Nediiiigadi (1942) investigated 
the Raman spectra of single crystal of naphthalene usiug polarised iiicidein 
light and different 01 ienlatious of the ciystal w'lth respect to the mciden' 
light vector and came to the conclusion that the results were in agr^emeni 
with the theory put forward by Bhagavantam (1941), because actually six 
new lines were observed in the neighbourhood of the Rayleigh line and also 
some of the lines were due to the internal oscillations of the molecule w^eie 
found to be split up into doublets predicted by the theory. The theory 
was further tested by Rousset and Lochet (1942), Rousset (ig^na, 1944b) 
and by Kasller and Fnihling (1944) and they came to the conclusion that 
the results obtained in the case of para dichloro-, dibromo- and diiodo- 
beiizene, benzene and naphthalene can be explained by (he theory put 
forw’ard by Bhagavantam (19.11) and also independently by Kastler and 
Rousset (1941). A biief review of these w'orks has also been published 
recently by Kasller and Rousset (1947). 

Although the authors mentioned above have showoi that group Iheore^ 
tical consideration predicts new lines in the neighbourhood of the Rayleigh 
line in the case of crystals they have not discussed iu wdiat way the position 
and the intensities of these new lines should depend on the temperature of 
the crystal. The theory can be tested only by studying such dependence 
in the case of a large number of different substances. A programme has, 
therefore, been undertaken to test this particular theory by observing llu' 
dependence of the in Icnsitics and position of the new lines on teinperatuic 
The present paper deals w-itli results obtained in the case of two aromatic 
compounds having simple but similar molecules chlorobenzeue and 

toluene. 

EXPERIMENTAL 

Of the two liquids used toluene was obtained from U. S. A. and monf> 
chlorobenzene from May and Baker and both were of pure quality. Thev 
were distilled in vacuum before use and the purity was tested by comparing 
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d]C with tliofJe publibhed by previous workers. 

In order to investigate the Raman spectra of the solid at different low 
Lunperalurcs the liquid was put in a cylindiical Pyre x container about one 
,iirh in diameter provided with a long narrow neck, the mouth of which 
-.wis seaka. The container was suspended in a transparent Dewar vessel 
.)f Pyrex glass closed by a cork and the height of the bottom of the container ' 
irom level of the liquid oxygen in the Dewar vessel was adjusted to get the 
desired low temijeralure, which was measured with a pentane thermometer, 
hiquid oxygen was introduced jn the Dewar vessel through a Pyrex glass 
labc passing through the cork and connected to another such tube immersed 
,n liquid oxygen contained in a large metallic Dewar vessel Whenever the 
picssurc inside the Dewar vessel of Pyrex glass was reduced by a Cencohyvac 
inimp, there was a flow of liquid oxygen into it from the larger vessel. 
Tlic solidified organic substance in its container was illuminated by focussing 
light from two vertical mercury arcs placed on two sides with the help of 
v'ondeiiseis. A Fuess glass spectrograph having a dispersion of about 10.8 
A U, in the 4016 X region was used to photograph the Raman spectra, 
lion arc spectrum was used as comparison. The liquids were cooled very 
slowly to obtain homogeneous masses of solid aud the spectrograms obtained 
were free from excessive extraneous light In the case of chlorobenzene 
Lwo spectrograms with the solid at about -6u°C and -iSo'^C were obtained 
ami in the case of tolueuc the corresponding temperatures of the solid were 
ahrmt -T05“C and — iSo^C respectively The spectiograms obtained are 
icprotluced in figures i and 2 in Plate IV 

RESULTS AND DISCUSSION 

The frequency-shifts of the Raman lines observed in the two cases have 
keen given in Tables I and II. The data for the liquids have also been 
in chided /or comparison. Faint lines for the liquids have not been recorded 
iiceause the continuous background in the spectrogram due to the solid state 
masked such lines. 

The frequencies of Raman lines observed in the case of the two liquids 
' ' ree closely with those given by previous authors (Magat, 1936). It can 
he seen from Tables 1 and II, however, that some changes occur in the 
h'lman spectra when the liquids are solidified and also when the solid is 
' H iliei cooled down. In each case five new Raman lines appear in the low 
i- -'qnency region when the liquid is solidified and the lines shift a little when 
' c temjierature of the solid is furthei lowered to ~iSo“C (figs. 4 and 5) 
i 10 ficqueiicies of the new lines in the case of chlorobenzene agree fairly 
' 'h v\ith those reported earlier by Sirkar and Gupta (1937) for the solid 
-'i8o“C. The faint line in 33 cm'* was not okserved by them The line.4 
nearer to the Rayleigh line at — 6o®C than at -*■ iSo'^C showing tha?t 
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Table I 


Chlorobenzene CgHsCI 


Liquid .'it about 30X 
in cm‘i 

t'olid at about — 6o”C 

Ai' iu cm'^ 

1 Solid at about -iSoT 

j A»'iticm“' 


43 (2) : ft 

46 (31; c. ft 


60 (il ; e, k 

63 (2I; e , ft 


76 (2) ; e, ft 

83 (3I : e . ft 


96 (2) , f, ft 

to2 (3) : c, ft 


127 (0) ; e , k 

135 (i) ; e. ft 

iq 8 (3I ; e, h 

215 (2b); c, k 

?i7 (2bl ;/ e , ft 

29s (il : c, k 

295 (0) ; c, k 

2q 8 (il ; ft 

ii8 (31; c , k 

412 '2) , fi, k 

/II: 131 , ft 

615 (2 ) , e,k 

610 (i) ; c, k 

6..8 (i) , Ak 

699 (3I : c. 

701 (i) ; e, ft 

\ 

703 ^3' ; e. k 

1001 (,s) ; e , i , k 

1001 (5 ) ; e , i , k 

moi (5I , c, 1, ft 

1020 U) ; e , k 

icis (i) ; c , ft 

1013 (2) ; c, ft 

T085 h ) , e , k 

1080 (2) ; c , ft 

1089 (2) ; e, ft 

1122 (obi ; e , k 

1122 (ob) ; c, ft 

1122 (obi ; c, ft 

1155 (i) i ft 

1158 (1) ; e , ft 

T158 (t) ; e, k 

1355 (2) ; e. ft 



1475 1^*1 : c. ft 



1565 fo, ; e . k 

1565 (i) ; e , ft 

15*^5 (2) : e, k 

1580 (3): e , k 

1580 (2I ; e, b 

i.sSo (3) ; e, ft 


3058 (i) ; c, ft [ 

1058 (3J : ft 

3065 (8) e , i,k 

3065 (3) : e, ft I 

3065 (5I , e , ft 


3090 (c) ; ft 1 

3090 (i) ; ft 

3161 (lb) : e , k 

3161 ('ibl ; ft 1 

3161 fob) ; ft 


whatever be the nature ot oscillations which produce these lines, the restorini^ 
force increases at the lower temperature. This dependence on temperatiue 
observed iu the case of toluene, however, seems to be different from ll'Jt 
observed in the case of chlorobenzene. In the former case the four lines t-S. 
70, 88, and 128 cm“’ shift towards the Rayleigh line and the line 100 cm \ 
shifts away from the Rayleigh line as the temperature of the solid is lowered 
to -i8o®C, while in the latter case all these new lines shift away from the 
lUyleigh line with the lowering of the lem|>erature. 
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Liquid at 3n“C 

Table II 

Toluene C.HjCH, 

Solid at — TOS"C' 

Solid nt — i8d”C 

A*' jn enr^ 

Aw in 

Av in cm"* 


48 ^ii ; e, k 

47 (2) j e, k 


70 (0 , e, k 

66 (2j ; e, k 


88 (0) . e, k 

86 (i) : e, k 


loo (i) ; e, k 

108 (2' ; e. fe 


128 (ob) ; e, k 

127 (0) ; e, fe 

215 (1) ; e, i, h 

216 fa) , e, k 

220 (2) ; e, fe 

342 (j) ; e, k 

520 (3) , c, fe 

520 li) , e, k 

520 f2) , e fe 

6*0 <3) , e, fc 

620 (lb) ; e, k 

623 (2) ; e, k 

734 {0) ; e, k 

786 f5) , e, h 

786 (3) ; e, fe 

788 (5) , e, k 

8n6 (p| ; c, k 

838 (0) ; e, fe 

8gi (0) ; c, k 

1003 (10) ; e, 1, k 

T003 ^31 ; c, 1. fe 

1005 (10) ; e, ?, 

1029 (3) ; c, fe 

1032 (2) : e, fe 

1033 (41 : e, k 

1057 (a) ; e, k 

1x87 (cJ ; fe 

1213 (a) ; e, fe 

1217 (2) ; e, fe 

1217 (3) : c, fe 

iSfio (a) ; e, fe 

13S0 (i) ; e, fe 

1380 (2) ; e, k 

1590 (i) ; e, k 

1596 (2) ; e, k 

1592 (.) ; e, k 

1604 (4) ; e, fe 

1610 (3) , e, k 

1608 (3) . e, k 

2665 (2b) ; e, fe 

2865 (Ob) ; fe 

2865 (Ob) ; fe 

2921 110) \ e,i.k 

2921 (3) ; e, k 

agai (5) ; e, fe 

2980 (a) , c, b 

2980 fo) ; fe 

2080 (0) , fc 

3030 (4) , c, ft 

3030 (2 , c fc 

3030 (31 ; e, k 

3w59 (10) ; e, i, k 

3060 (51 , f fe 

3060 (8) , e, k 


As regards the other changes obseived in the Raman spectrum of 
chlorobenzene the splitting up of the line 3065 cm"’ into three ^harp Imes 
at 3058, 3065 and 3090 cm”^ is striking- This line is due to symmetric C-H 
''alence oscillation The line 1001 cm"^ due to symmetric oscillation of 
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the carbon ring does not change its position when the liquid is solidified, 
but the frequency shift of its companion 1020 cm”^ diminishes a little. Also 
the line iy8 cin“^ due to the liquid shifts to 215 cm”^ and the intensities 
of the lines 1565 and 15S0 cm"’ tend to become equal in the case of the solid 
state In the case of toluene on the other hand, no change lakes place in 
the frequencies of the C-H valence oscillations when the liquid is solidified 
and also the line 215 cin“’ remains almost in its original position, but the 
lines 1029, 1213, 1590 and 1604 cm”’ shift respectively to 1032, 1217, 1596 
and 1610 cm”’ when the liquid is solidified. The last two lines again shift 
respectively to 1592 and 1608 cm”’ when the solid is further cooled 
to -i8o°C, and also their intensities become equal to each other at 
-i8o°C. 

If attempts are made to explain the changes which occur in the Raman 
spectra with the solidification of the liquids on the theory (Bhagavanjam, 
1941) that the molecules execute angular oscillations about their axes,\ the 
following difficulties arise First, the amplitude of such oscillation shoVild 
diminish with the lowering to temperature and therefore the intensity of 
the new lines should also diminish at the lower temperature. No such 
diminution is actually observed Secondly, according to such a theory, six 
new Raman lines arise if there are two molecules in the unit cell having 
some particular symmetry elements, three of these being due to oscillations 
symmetric to the symmetry elements and the other three due to oscillations 
antisyni metric to these syinmcliy elements In the present two cases if it 
is assumed that one of the five jicw' lines is a doublet, the .number will agree 
with those predicted by the theory mentioned above, but the difference of 
frequencies of the components of each pair is too much to account for the 
extreme sharpness of the lines due to inner oscillations of the single molecule. 
If the frequencies of hues due to angular oscillations of the molecules depend 
so much on the proximity of the neighbouring molecules, each inner 
oscillation can also be postulated to be of two types, one symmetric and the 
other antisymmetric to the symmeliy elements of the unit cell, and the 
frequencies of these two types of oscillation should then have been appre 
ciably different from each other On the coiilraryi it can be seen from 
figures I and 2, Plate IV, that each of the prominent lines due to the inner 
vibrations of the single molecule becomes so sharp in the .solid state that its 
width is not more than 2 to 3 cm”’. Thirdly, it cannot be explained why 
the behaviour of the C-II valence oscillations in the two cases is different 
from each other, although the molecules are similar, and also, why the new 
lines behave differently in the tw^o cases with the change of temperature 
of the solid. PTiially, the moments of inertia of these two molecules being 
greater than that of the benzene molecule, the frequencies of angular oscil- 
lation cannot be larger than that obseived in the case of benzene. Actually, 
however, these frequencies aie larger than those observed in the case of 
benzene. 
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The change in the frequencies of the C-H valence oscillation in the 
case of solid chlorobenzene, on the other hand may be due to the presence 
of chlorine atoms in the lattice, there being strong tendency of this atom to 
form virtual HCl bond with the hydrogen atom of tlie surrounding molecule, 
and the shift of the other lines due to inner frequencies may also be indirect 
effect of the formation of such a virtual bond In tlic case of toluene also 
as the molecules are polar they may be associated in the solid state The 
origin of five new lines given by the solid state seems to be intimately 
connected with the presence of the benzene ring in both the molecules, l>ul 
owing to the difficulties mentioned earlier they cannot be ascribed to 
oscillations of single molecules pivoted in the lattice as postulated by Kastler 
and Rousset (1941) and by Dhagavantam (1941)- If it is assumed that the 
hindered rotations of the molecules in the liquid is transformed into angular 
oscillations in the solid state the magnitude of the interinolecular field is to 
he taken into consideration. It has been shown by Sirkar and Sen (1949) 
that the fiequencies of hindered rotation of some polar molecules in the liquid 
deduced from the ficquencies of radio waves observed by such liquids is so 
small that the corresponding frequency shift in the Raman effect would be 
of tbe ordet of a fraction of i cm"* There is also no reason to suppose that 
these forces of restitution increase enormously in the solid state because 
actually it is obseived that with the lowering of temperature of the liquid 
tlie internal viscosity of the molecules increases and consequently the fre- 
quencies of the radio waves observed diminish considerably instead of 
increasing with the lowering of temperature in the case of all polar molecules 
studied so far. Hence it is evident that in order to explain the comparatively 
large frequencies of the new' Raman lines observed in the present case, e.g,, 
those lying in the range from 46 cm“‘ up to about 133 ciir\ new type of 
force of restitution of larger order of magnitude than what is actually present 
in the liquid htnte has to be postulated. This force has been assumed to be 
that due to formation of virtual bond in the present paper. Probably this 
theory wnll also be able to explain the anomalies which may still exist in 
tlie explanation of the origin of new lines in the case of some non-polar 
aromatic ronipouiids, c.g., benzene, naphthalene, etc. 
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STUDIES OF SCHRAGE THREE PHASE SHUNT COMMU- 
TATOR MOTOR, in. CIRCLE DIAGRAMS 


By H. P. BHATTACHARYYA 

{Received for publication, 8 th Feb., 1950) 

ABSTRACT. This paper reports the experimental verification of the theoretical 
V.eus diagrams as obtained from the author’s equation in the brush position, where the 
machine runs Buper-synchronous at no-load and sob-synchronous on load, as well as in the 
blush position intermediate between short-circuit and synrhroiions. 


INTRODUCTION 


In a previous communication the author (Dhattacharyya, 1949) developed 
an equation for the circle diagrams of a vSehrage three phase shunt 
commutator motor in Ihe brush position where it runs super-synchronous 
i\i no-load and sub-synchronous on load. The present paper reports the 
experimental verification of this equation from data obtained on a B. T. H. 
machine. For this purpose the theoretical and experimental locus diagrams 
at different brush positions including the one which is intermediate between 
short-circuit and synchronous conditions have been drawn. 

The specifications and design data of the B. T, H. machine under test 
lire as follows ; 


Type :-~CHT, No. 5622 G 
Cycles : — 50 

Primary Volts : — 220/400 

H. P. 6 


Speed : — i8oo r. p. m. 

Poles ; — 6 


Stator 

Rotor 


Secondary 

Primary 

Commutator 

Type of winding. 

Double Layer Lap 

Double Layer Lap 

Poles in parallel. 

I, 2, 3) or 6 

I 


Turns in series per 
phase. 

90, 45, 30, or 15 

180 

T per seg. 

No. of slots. 

54 


36 

Pitch of coils. 

1-8 

1—6 

2 coils 1-6 

3 colls I ** 7 


/.-1738 P-3. 
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No. of commutator segments 


= 144 


Resistance of primary winding per phase at 6o'’C = 0.738 ohm 
Resistance of secondaiy winding per pole per 

phase at 6o“C= 0.044 n 
Resistance of regulating winding referred to 

secondary with 6 poles in parallel at 6o®C = 0.0165 >• 
Reactance (at 50 cycles) of primary winding per 

phase =5.27 ohm.s 

Reactance (at 50 cycles) of secondary winding 

per jihase referred to primary = 2.83 ,, 


X P R R I M R N T A L 

The machine was run with its primary connected in star to a 400 V 
source and with the secondary having 6 poles in parallel It was loaded by 
means of a Walker’s Faii-Urake Dynamometer. An indexing device iwas 
made on the brush gear of the machine to indicate the position of the brush 
in order to be sure that the latter lemained unchanged during a set, of 
observations and was divided into 36 equal divisions. The biush position 
corresponding to the synchronous condition of the machine w^as marked 
zero on the indexing device. It was then found that at mark 2, the brushes 
were ju?t short-circuited ; at mark i, they were crossed over and the speed 
of the machine was sub-synchronous, while at mark 34, the brushes were 
also crossed over but the no-load speed was super-synchronous, the brush 
and the stator secondaiy induced voltages being in opposition ; on loading 
the machine the speed became, however, sub-synchronous and the above 
voltages became additive. Thus at mark i, the brush aud the stator induced 
voltages were additive both at no-load and on load while at mark 34, they 
were subtractive at no-load and additive on load. These two positions 
of the brush are, therefore, of interest in the present investigation. Data of 
primary voltage, current, wattage, power-factor and corresponding speed 
were noted by varying the load on the machine for each of these two 
positions of the brush. They are included in Tables 1 and II. 


Table i 

(Brush position at mark 34) 


Volt 5 (line) 

Current (line amps.) 

Watt*. 

P. R 

Speed (r p ni.l 

400 

. 5 -O.S 

1045 5 

0.2988 

1080 

400 

5*50 

1931.8 

0 5070 

q8o 

398 

57.5 

2204. s 

05534 

930 

400 

6.15 

2636.4 

0.6187 

900 

400 

6.55 

2954-5 

0 6512 

860 
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Table II 

(Brush position at mark i) 


Volt*s (line) 

Current (line amps ) 

Watts 

P.F. 

Speed (r. p. ni.) 


4.60 

818.4 

0.2567 

930 

3 Q 8 

4*95 

1409 0 

0.4110 

840 

398 

5*03 

1568.2 

0.4500 

810 

400 

5-34 

1818.2 

0.500Q 

780 

400 

5-40 

2000.0 

0.5347 

745 


CIRChB DIAGRAMS 


Tn the previous comm uni cation {loc, cit.) the following efiuation was 
detluccd foi a symmetrical brush position of the motor having the same 
effective number of primary (rotor) and secondary (stator) turns, 


sin (FJ?a) + COS ^ {Vi>X2) = 

I, R iPX, + R, - * 

L 

where, 

F= Primary volts applied per phase 


fi) 


= Primary resistance per phase 
J? a = Secondary resistance (lap-connected) per phase 


Xi = Primary leakage reactance at 50 cycles per phase 
Xa= Secondary leakage reactance at 50 cycles per phase and p = (An, 
where a = sin /S/2, jQ being the separation (in electrical degrees) between any 
pail of half brushes and n is the ratio of effective lap turns for 180 electrical 
degrees brush displacemeut to effective stator turns per phase. But in the 
machine under test this ratio of primary and secondary turns was found 
to be different from unity. It may be, however, shown that if a is the 
effective number of turns in the primary and b that in the secondary, the 
relation between Ii and /a at any slip 5 is given by 

Ji= - Jab/a (5 + i>) while at standstill, by 
I,= -hbla{i+p). 


^^hen both the brush and stator secondary induced voltages are additive* 
}\1 oreover, since 

R2 t^n&-p^^Xrbla 
^Xi + pXibla ’ 

V cos^=£j qosV + IiRi and 

V sin ^=Ei sin^ + IiXi 
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the above equation (i) becomes 
sin yf^iVRz) ~t-cos ^{VpX^) — 


h 


R,pX^ + X,R^- / “■>‘‘ 11 ’ 

1 + p 


(2) 


I I K \ 

which is an equation of a circle whose centre is the point I — , ) and 


3M'’ 2M‘ 


whose radius is 
where, 



— V 

\ 2 M’) \ 

2 M' j 


1/2 


L= VR2, 

K= VpX, and 


M' = 


^ + 2 ? pX pX lb I (i)clI h 

^ ^ ^ i+p 


Equation (2) was actually utilised to obtain the theoretical circle diagrams 
for brush positions at marks 34 and i, from the design data of the machine. 

Excepting the no load speed and ex (hence p) the value of the other 
constants remains unaltered for either brush position and these constants 
are given below as directly obtained or calculated from the design data 
of the machine. 

E = 23o volt.s 


Rx = o 738 ohm 


i^2 = o.327 ,, 

(It may be noted that in taking the lap winding resistance into account 
the fact that this resistance per phase does not increase after i2o electrical 
degrees of brush spread was marked) 


-^1=" 5-270 ohms 
X3 = 0.020 ohm 

Primary winding factor = 0.033 

a= 180X0.933 

Secondary winding factor = 0,806 

.*• 6 = 15x0.806 

Eap winding factor = 0.966 

and no. of lap turns for 180 electrical degrees brush displacement =24 

Effective lap turns for 180 electrical degrees brush displacement = 24 x 0.966 
so that 

_ 24x0.966 

w— 

15 0.806 
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The values of uo-load speed, a, p, L, K, and M' for brush positions at 
jiiarks 34 and I are given in Table III. It may be noted here that a was 
tound from the relative displacement of the brushes over the commutator 
segments with respect to their short-circuit position. 

TabIvK III 



Brush position at mark ^4 

Brush position at mark j 

No-load 

speed. 

1080 R.P. M. 

930 R, P M 

a 

0.2807 

0.1400 

P'‘ 

0.5376 

0.2688 

r 

aa 

7»5i90 

7.5190 

c 

2.4730 

1.2365 

m' 

0.1142 

0.1326 


Fiom these data the co-ordinates of the centre point of the circle diagram 

tveie =32.9 amperes along X-axis and f;, =108 amperes along Y-axis 
aM' 2M' 

foi brush position at mark ^4, and 28.3 ampeies along X-axis and 4.9 amperes 

along Y-axis foi brush position at mark i. 

The theoretical circle diagram is represented by the full line curve in 
each of Figs i and 2 The point C represents the centre of the circle 




while O'C its radius. 0 is the origin and 00 ' is the no-load current line. 
The points marked x in eacli figure represent the actual load points, using 
the data of Tables I and II, and the curve obtained by joining these points 
i^ives the load or experimental curve. It will be seen that the experimental 
curve practically coincides with the theoretical curve in each case. The slight 
deviation may be attributed to the fact that in deducing the equation, the 
blush-contact resistance has not been taken into account. 
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EFFECT OF TEMPERATURE ON ULTRASONIC 
ABSORPTION IN ACETIC ACID 

By R. N. GHOSH and GURDEVA SHARAN VARMA 

(I^eceived for publlcatlonj Dec. 21, ig4g) 

ABSTRACT. — The theory of ultrasonic absorption based on the structural changes 
m the quasi-crystalline structure of the liquid stale has been applied to acetic acid. 
Varint’’on of niaxiiiinm absorption frequency with the variation of temperature l2o*C to 
(1 ," 0 , as observed by Lanib and Pinkerton, has been explained by this thcroy. 


In the previous paper (Ghosh and Varma, 1949) we have calculated the 
values of absorption frequencies in the variou- unassociated liquids on the 
assuiiiplioii ot quasi-crystalliiie strucliiie of the liquid slate. The work function 
,J was deduced on the basis of ‘bole theory’ of viscosity. All the values refer 
to 3 oo“K. The value 4.87 Mcs. obtained in the case of acetic acid is high 
iK'cause here we had neglected the effect of temperature the value of 


r X 10^’ jsec^ ciiT’ = 12,000 which we have taken is a low value for 


27T and moreover dispersion in velocity with temperature w^as also neglec- 
ted 


It may be pointed out that the work function A given as 


A=R 


TV 

T'-T 



wliicli depends upon the values of viscosity (»y) of the liquid at two tempera- 
tiue.s varie.s with temperature. As defined previously A is the work 
i miction required to remove N molecules from the interior of the body to in- 
fmitc distance. Fig. i shows the plot of viscosity h]) against temperature and 
'i able I gives the value of A at the various temperatures ranging from 25 °C 
to 65^0. Fig. 2 shows the plot of work function A (cals/molc) against 
temperature. 

It may be observed from the Fig. 2 that A at first decreases slowly 
V'db temperature and a minimum is obtained near about 55*^0 and it again 
rihts sharply to high values. The variation of A wdth temperature is re- 
lic seiited by A = AQ i-y {T-T'f wdiere is the minimum value of A 
the corresponding temperature V and on either side it increases, Ao 
-‘3328 cals/mole. The rate of increment with regard to the square of the 
a inperature difference, viz, 7, is of the order 2 cals/ mole per degree cen- 
'^'gtade, for temperatures below V°C and for temperatures above it 
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is of the order 2-6 cals /mole to 5 cals/tnole per degree centigrade. Further 
dA/dT is of the order of q cals/mole per degree centigrade. 



I''lG. I 

T>X io'> (Viscosity) plotted against teniperaturc for Acetic Acid., 
Range of Temp. 2u"C~7o"C Values of viscosity have been 
taken from Physical Chemical Constants by Kaye and Laby 


Table I 


S NO 

teniperatnie 

.4 

cals /mole 

( 1 

ctil deg*' mole ' 

I 

^5"C 


2034 

2 

30 'C 

3365 

-2359 

3 

35 "C 

3331 

2531 

A 


3286 

2831 

S 

45"C 

324<S 

3«95 

6 


3336 

3234 

7 

ss'c 

3-2 zR 

.3414 

8 

6o’C 

3295 

-3550 

9 

fisT 

3422 

•3459 
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Zt 2T 30 35 “lO 55 60 65 70 

Temper dture (’C) 


Fig. 2 

Woik finictloii A cali/iiiole plotted against Temp for Acetic Acid (20*0 70*0 



The corresponding values of internal structural specific heat Ci calcula- 

r . Y-yl/]?T 

itd from the formula Ci = R | — j e where R is the gas constant 

or the different temperatures are also given in Table 1. Fig. 3 shows the 
>iut of Ci against temperature, 

S- 1738 P- 3 . 
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Tbe minima of at 55“ C indicates that most of the molecules at this 
paitic'ular tempeiatuic are in their equilibiium positions. This will at 6rst 
si^^ht appeal to lie n holly inappropriate in the case of a liquid with their 
chatactcnslic fluidity. But it may be pointed out that the equilibrium posi- 
tions of the molecule in the liquid body are not absolutely permanent, but 
have a leriipoiuiy character for a given molecule After performing- more 
or less large no of nscillalions about the same equilibrium position during 
a certain time 7 ', each molecule can jump to a new equilibrium position. 
If the tune 7 ' is laige compared with the vibration period, this sporadic 
change of the equilibrium position cannot affect the magnitude of the specific 
heal, winch IS evident fiom Fig 3 where a plot of C’t against temperature 
is given 111 Uie neighbourhood of ss^C 

It may be observed from Fig. 3 that Ci at first increases linearly with 
temperature and then becomes flat, horizontal near about 6o‘’C, the temper- 
ature where minima in A ns observed The values of the maximum absorpVioTi 
per wavelength i/u,,,) at the absoiplion frequency (Nm) have been calculated 
as desenhed in the previous paper. The values of [cx/iV"^] iV« iV,„ for 
the vaiions temperatures ranging from 25°C to 6o"C have been taken from 
Pinkerton’s paper (1949) Plcre the dispersion of the velocity with temper 
ature has also been taken into account, 

Tarlk II 


S NO 1 

1 'rtMiipcrdlurt' 

j sec^ cm'* j 

Cxj 5 
' <111 /.''pec 



1 


132,0(1(1 

1 1? 

061 

13 

2 

y c 

107,000 

T 10 

071 

6r 

3 

35 

88 , 70 ') 

1 n8 

076 

.So 

1 

-10 ’O 

7 ' 2 , 90 (. 

1.065 

.0S6 

1 10 

5 


58,800 

I 05 

■093 

I 5 ' 

(j 

5 'j'C 

48,^100 

T (^35 

09S 

1 04 

7 


41,100 

1. 02 

.103 

2 O') 

8 

hfj'C 

j 

■ -99 

.107 

3.20 

y 

1 

'cs-C 

25,000 1 

1 

■97 

104 

4 


Column four in Tabic 2 gives the values of velocity at different temper- 
atures These have been taken fiom I^amb and Pinkerton’s graph showinfi 
the plot of velocity against tcmperalnre. 'I'he values of the absorption 
frequencies at the various temperatures are giveu in the last column. ^ 
value for (cx/ iV“ x 10^^) for 65 is the extrapolated one, 
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Kig. 4 shows the plot of logm Nm against temperature recipiocal. 



29 3 0 31 32 3 3 34 3 5 


P'lG 4 

TVpetidfnrc (if Hk:io against i T, being the ah-,ripiion ftequenc'^ 

As it is evident fiom the graph that logic, Av is a linear function of t/T, 
ilint IS N,„ (absorption frequency) is proportional to the factor c — AE/]\T 
u'lieie AE is the eneigy required for the creation of extra holes when ultra- 
some waves pass through the mediuni. From the slope of gra[)h of logio 
and i/T vve find that the value of AE comes out to be 8.69 kilocalories. 
This coincides with the activation energy obtained by Pinkerton. 

Thus our theory of ultrasonic absorption in liquids “that the mechanism 
of absorption in the case of liquids is not entirely due to vibration of atoms, 
hut that the structuial changes in the quasi-crystalline state of the liquid 
U'olecules play an important part in the absorption of ultrasonic waves and 
that the phenomenon of absorption and viscosity are all related ones and 
hoih can be dcsciibed in terms of ‘hole theoiy’ of liquid stale which has 
lot only been able to explain the absorption and predict the absorption 
quencies in most of the liquids successfully but also explains the tempera- 
b't e effect on the absorption frequency as well as on the maximum absorp- 
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tlou per wdvelenjftli experimentally obtained by Lamb and Pinkerton in the 
case of acetic acid. 
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DETERMINATION OF MOISTURE IN LAC BY 
INFRA-RED HEATING 

By G. N. BHATTACHARY/V and »s. c mukherjee 

{Keccivcd for publication, January ii, /950) 

ABSTRACT. A Tflpid tiiethGil for tht deterniinalion of moisUue in lac has been found 
\i\ u'^ing infra led heating and desicealion under vacinnn A simple apparatus has been 
devised to effect siiiinlfaneous healing arid dL‘,iecalion, so that iiioisLnte ran be determined 
in :il)nut 1^ hours' time only. The results obtained by tins method are the same as those 
obtained by the tune eoiismning methods at present in use for lae. The apparatus is simple 
and can be easily assembled m any laboratory with an ordinaiy vacuum desiccator. 

INTRODUCTION 

The moisture content of lac is usually small varying from about 1% to 
depending mostly on the hninidity of the vsnrrounding atomsphere and 
to a lesser extent on some other faclois, such as, exposed surface, organic 
im])UiTticSi etc. Although this figure appears to be small, the great 
iiidueuce of moisture on some important physical properties of lac, such as 
Ihiidity (Townend and Clayton, 1936) and solubility (Pdlit, 1940) as well as 
some chemical piopeities, such as polyiiiensabihty, makes its accurate 
deleriiiiiiation often necessary It is known, liowevei, that the usual method of 
diymg a substance to constant weight at luoX or above is not applicable 
to lac, since it easily gives off its combined water at such high temperatures 
I esultiiig in a partially polymerised product Various methods (Raiigaswami 
and Sen, 1942) aie therefoie in use employing lower temperatures and 
vacuum for the purpose of determining moisture in lac These methods, 
however, are all time consuming and su a rapid method would be definitely 
lielpful to the trade. 

With this cud in view' the dielectric constant method of determining 
moisture was given a Inal some time ago (bhaltacliarya, 1947) But it was 
I )und that there is no direct correlation between the innistuie content of 
1 ic and its dielectric conslant ; the increase in capacitance due to absorption 
moisture being anomalous at a certain stage. It appeared, therefore, that 
hu heating of the sample followed by desiccation was almost indispensable, 
.1 ice usual chemical methods, whereby moisture in solids can be determineda 
Miiot be used for ordinary lac (Gidvani and Kamath, 19^5 j The various 

‘ '.cial features of infra-red hcaluig and its successful application to many 
' 'ds where quick and uniform healing is essential, at once suggested itself 
'’ a trial to minimise time in the delennination of moisture in lac also. 
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PREIvIMlNARY EXPERIMENTS 

A large number of experiments were first conducted with samples of lac 
containing various percentages of moisture to see if infra-red heating could be 
successfully used to reduce the drying time of lac. A Modinstal* dull 
emitting infra red heater, fitted with a reflector was employed for this purpose 
and it was found that by this method the total tune required for the 
determination of moisture in lac could be reduced from about 24 hours 
required by tlie British Standard (B, S. 1 ., 1941) or the Indian Lac Research 
Institute method (Raugaswami and Sen, 1942) to less than 4 hours only. 
This period includes infra-red heating of the sample at about 45 (t) either 
for only 30-45 minutes with regular raking to turn up fresh layers at intervals 
of 10 minutes, {11 ) or for 75-9o mmutes without any raking of the powdered 
sample whatsoever, followed by desiccation for 2-3 hours under vacuum at 
room lenqierature. The actual values obtained closely agree in all cises 
with those obtained by the present long-drawn Indian Lac Research 
Institute method Kuiiher experiments to shorten the period of heating \by 
raising the temperature appreciably above 45'’C were unsuccessful since 
lac showed a tendency towards softening and consequent blocking. 
Kxpcrinients carried out to dispense with desiccation after heating were 
also not successful 

The arrangement was to heat a sample of lac contained in a flat-bottomed 
dish by means of iufia-red rays inside an enclosure such as an ordinary 
laboratory oven fitted at the top with an infra red heater and a reflector 
A vessel couLammg fused calcium chloride w^as kept inside the enclosure to 
obtain a somewhal uniform ambient atmosphere irrespective of the widely 
varying humidity conditions that might be present outside during the 
different seasons of the year Without a dehydrant in the enclosure the 
time of heating icquired to obtain the same result varied from season to 
season. Immediately after heating, the sample was trausfeired to a vacuum 
desiccatoi and carefully w'cighed at the eud of 2 to 3 hours* desiccation. The 
results were very satisfactory as may be seen from Table 1 ; 


Table I 


Lac j 

Wt of lac 

I Heating 

Desiccation 

Moisture 

i 

Moisture 

Remarks 

Sample 

taken 

time 

time 

% 

b> Tn'.t. 1 


j (gms.) 

(mliih / 

(hours) 


method % j 


S T 

1 2 0352 

1 

3*5 

3 

1 ,62 

,.60 || 

Raking of the 

s ri 

1 

' 2 0632 

1 

'in 

3 

2.21 

2.24 1 1 

sample at inter* 
vals of 10 mins 

S III j 

a 0859 

35 

3 

1 90 

1 90 1 

1 1 

to turn up fresh 
layers. 

vS V 

2 0272 

45 

3 

0.97 

0.97 j 1 


S VI j 

2 0532 

90 

ai 

2.10 

2.05 

No raking. 


* Modinstal Electric Co., Ltd., England, 
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It may be noticed that the heating period was about 90 minutes when 
there was no raking of the sample. With regular raking, however, this 
heating time might be as short as 30 minutes only. The drying time curve 
of a sample of lac (S I) has been shown in Fig. i, where it may be noticed 
that the determined moisture becomes more or less constant after a heating 
period of 30-35 minutes. 



Infra led heating tiiiic 111 lumuUs 

Fig. I 

FINAL E X IMi: R I M K N T S /; N T) PROPOSED M R T H O D 

Apparatus. It was subsequently thought if it was possible to combine 
both the heating and the desiccation processes together to save time still 
further, A special apparatus was, therefore, constructed with a vacuum 
desiccator as shown in Fig. 2. 


Pump 


Fig. 2 

/I IS a small ring type infra-red heater made on an asbustos-cenienl 
circular plate grooved to contain the heater element (shown separately at £), 
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A highly polished metal reflector B is fitted at the top to throw parallel heat 
rays down oil the dcsiccatni ]'>lalfoiin C below. A therinoineter D passes 
through the rnblier cork in such a way that its bulb is only a few mm. 
above the platform and the dish containing sample of lac can be just placed 
below without touching it The pump may be connected with the side 
tube for evacuation. I'lie desiccant is concentrated .sulphuric acid. It has 
been found that an infra-red heating element of 15-25 watts capacity is quite 
satisfactory for a 6-7 inch desiccator as.sembly. Its design should be such 
that it should glow under the applied voltage without being white hot. 

Froceduic. I'lie procedure foi performing an cxperiinent w'ith this 
apparatus is to evacuate the desiccator to a few mm. of mercury and adjust 
curieiit through the heater so that a constant temperature of + 
indicated by the thcimomctor under cciuilibriuni conditions. The carefully 
weighed dish containing a sample of lac bhould then be quickly placed bn 
the platform of the desiccator by opening the cover through a lemporai\y 
relea.se of the vacuum. As quickly as jiossiblc tlic vacuum should be 
restored and the previous temi>erature obtained within a few minutes. The 
heating time should be noted from the time the thermometer shows 45“C 
again. 

It has been observed that for most ol the samples of lac, one hour’s 
heating under these conditions is sufficient for the purpose of drying. But 
to be on the safe vSide l i hours’ ho.'itiiig will always be found more Ihuii 
enough for complete diying of all samples This means that healing for 
some extra time when the samiile is alreadv diy does not interfere ' with the 
determination of moisture in any way. In other worchs, lac can be dried 
to constant w^eight under thc.se conditions In this connection, it must he 
clearly slated that di v lac is a hygroscopic substance and it readily absorbs 
moisture from the liiiinid almosjdicic when exposed to it. Too much stress 
cannot therefore be laid on using a dehydrating agent, iipside the balance 

case as well as a weighing dish with a ground cover. In short, all 

precautions necessary for weighing a hygroscopic substance .sbould be 
taken in the ca.se of dry lac. Tins method i^; rapid and also independent of 
outside weathei conditions. A few typical measmcincnts have been shown 
in Table II. In these experiments pelri di.she.s of 60-65 diameter with 

covers were used throughout and the weight of the sample of lac taken was 

nearly 2 gms., as advocated in the T. T- B Institute method of moisture 

determination for lac. 

Effect of particle sizer 

In all the above experiments samples of lac were powdered to pass a 
U. S. Standard sieve No, 60 (24 mesh jicr cm.). The effect of the size of 
lac particle on the drying time was also studied. It was found that 
practically no appreciable difference in drying tune could be recorded when 
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Tadi.e II 


J^ai. sample 

Wt. of lac taken 
igini> ) 

Healing lime 

Moisture % 

Moisture by the 
Inst, niothod 

S 1 

2. 0272 

60 mins. 

1.62 

1.60 



'90 ,, 

1.62 

1.60 

R H , 

2-0354 

60 ,, 

2.22 ' 

2.24 

- 

» 

90 

2.24 

- 


M 

120 ,, 

2.22 

.. 

S III 

2.0042 

60 ,, 

1.86 

1 90 



9^ ,, 

T.92 




120 .> 

T.92 

- 

R IV 

2 04 O4 

fo ,, 

3.25 

3-2'/ 



90 ,> 

.3.25 


R vr 

2 01 S2 

60 ,, 

2 06 

2.05 



90 .. 

2.06 

2.05 


lIil' powder was of the above size or fiiier, but when the size was between 
]c) to (So mesh per inch (15-24 inCvSh per cm.) slightly more time (about 
15 mins extra) was needed to obtain constant weight Even then go 
iiinmtes’ heating time was found to be more than enough for these powders 


C O N C I. U R I O N 

Wc hud, therefore, that this method of determination of moisture in lac 
by iiifra-rea heating is quite .satisfactory and it gives results which are 
piactically the same as obtained by the long drawn methods at present 
in use foi lac. The determination of moisture can be done very rapidly 
'11 nny laboratory where routine analysis of lac is carried out if only an 
I j'paratUwS is assembled as shown in the figure and set apart .specially foi 
diis purpose. The apparatus is very simple and inexpensive and can be 
X SL'iubled in any laboratory without much difficulty. 
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APPLICATION OF STOKES’ LAW TO ESTIMATE 
THE SOLVATION OF IONS IN A SOLUTION 

By H. MUKHERJHl! 

( Kctciocd for ation, Maicli, 75, 7950 

ABSTRACT. Since the diameter of a solvated 1011 is fairly larye in comparison nitli the 
distance between the niclecnles of the solvent, the motion of ihe ioii luitlei a (oiislant fence 
should conform to Stokes’ law The diaiuetei, however, is not large enough to allow the 
solvent to hr consideicd as a eontmnons medium with respect to the- ion and so the law can- 
not he applied 111 its original form By inlioduciiig in the eikpi essioii of veloe'ity, a correc- 
tion term iiiveisely proportional to the surface area of the ion, it has been shown that the 
calculated hydrali..li values of ions relative to th(‘ hydration of H-ion aie in close ogreeiiient 
with the experimental values of Washluirn and Milbaid 

I N T R 0 1 ) U.C T I 0 N 

In an earlier work the uulhor (Muklicrjcc), published a 

iiudliod 0^ approach to the pioblein oi solvation o£ ions from the 

kinetic thcoty. The assuiiiplion made in the pajiei, viz., that a 
solvated ion could be represcuted by iiouil-particlcs as regards 
cliaige, inas.s and velocity in an electiic held, was ratliei bold, aUli- 
oiigh, with its help, the values of hydrations of some ions obtained were in 
close agreement uith Washburn and ]\lillard’s {iyi 5 i expcnmenlal values 
Discrepancy, however, \vas found in the case of caesunn and is likely to be 
found in the case of other heavy ions The problem may, however, be attac- 
hed with the aid of >Stukes’ law’ legardiiig uniform motion of a jiaiticle in a 
viscous iiiediuni imdei a constant force, and this method appeals to be iiioie 
rational in as iiiiich as it takes into account the finite diauietcis of the solvated 
10ns. The first attempt to obtain hydration values w'illi the aid of vStokes law 
seems to have decii made by Ricseufcld and Reinliold (iQ 32 D 933 )' but they 
considered the medium (the solvent) as continuos with respect to the ions and 
applied the law as it is. I'lieir icsults, llierefoie, were loo high. The 

medium can, by no means, be considered as contiimous with lesfiect to the 
ions, for the iutei molecular separation 111 the solvent is not negligibly small 
111 cmnpansoii with the sizes of the ions Ihe present paper shows that 
die correction Icnu required to be introduced in the expression foi velocity 
11 Stokes' equation should be inversely pioportioiial to the suiface aiea 
( f the ion undei consideration, and that the hydration values of ions at 
mfinite dilution obtained with the help of the coirected equation are close 
'0, and reasonably higher than, the cxperinicutal values of Washbuiu and 
i'.miard obtained with solutions of strength 1,35 N 
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When a particle moves under a constant force throui’h viscous medium 
with constant velocity, the resistance offered by the medium is just equal to 
the force I'his lesistance is due to the impact of the molecules of the medium 
on the surface of the particle. The iiiiinber of molecules impinging on the 
particle per second depends on h) the surface aiea and the velocity of the 
pai tide and (li) the intei molecular sepaialiou in the medinm When the 
suiface aiea is laige in comparison with the iiileriiiolccular space, the law 
of motion of the particle is, as deduced by vSlokes, 

(Sntjav = P ( 1 ) 

where is the viscosity of the medium, a and v are, le.spcctively, the radius 
and velocity of the particle and P, the constant force. The left haid 
member of the equation repicseiits the resistance to the motion. In deducing 
tlic equation no account has been taken of tlic dipping of the inolecult's 
along the surface But, as has been shown by Helmholtz, Piolrowsky, 
Kmidt and Warburg, the molecules do .slip along the surface of a foreign 
body. In consequence of this, the reduction in velocity caused by the 
impacts IS somcwliai less lhau wdiat it Avould be otherwise. Cuniiiiighaiii 
has shown that, in view of the oecurrcnce of .slipping, the l^lv^ sliouki bt 
con ec Led to, 

=/' ... (V 

1+ I- o i 

a a“ 

where A is the mean iutermoleciilar separation and Ay A', etc., aie constaiils. 

Fui thermoie, in the case of a large-sized particle, some [lart or other ot 
the particle is .stiuck by the molecules of the medium at every instant, so 
that the impacts on the ])article as a whole may be legaidcd as continuous and 
sensibly the .same at all instants Jf, liowevci , the size of the particle and 
the extent of the iucimolcculai .space arc mutually comparable, the iiimihcr 
of impacts Avill be difleieut at different m.slanls and there may even Ik 
intervals between successive impacts. 'J'he result is that, area for area, tin 
average number of iin])acts at any instant will be smaller for small particles 
lhau for large particle.s, and so the velocity of a small pailicle wdll be grcatei 
than that obtained by calculation from equation (2) The acting force i' 
must now be 


6m j a - 
1 +- 


V 




= P 


w'here k a positive quantity, which is large or small according as 
discontinuity in the impacts is large or small. The discontinuity is lai're 
if the surface area of the particle and the number of molecules per unit ai'.a 
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across its path are small . 'fhe latter is obviously inversely propoitional to 
Therefore fc may be written as ■*" Since first approximations 

are sufficient in most cases, we may write {Stokes’ equation in the form. 




^ AX BX^ 
1 h + - . - 


= P 


(3) 


U is tins form winch Millikan used m connection with his lamoiis series of 
LXiierimcnts for the determination of c. 

In the case of a solvated ion, the slipping effect is nil, because tlie ion 
js surrounded by a sheath of the solvent and the free molecules of the latter 
ronie in contact not with the ion directly but 2 oiih molecules of their own 
kind 'rhe effect is as if a globule of the solvent were moving among the 
molecules of the solvent itself The motion of the solvated ion, therefore, 
coiiforni'i to the equation 

6ni]ci *2^2 = P ... U) 

a 

I'lic force P acting on the ion is, when the solution is too dilute for apprecia- 
ble intenonic action, equal to £>A', where t is the charge on the ion and A 
llie intensity of the electric field in which the i^ni moves. 

'I'lici elore 


6rr>/a 

T-1- 


V 

BX- 

ti" 


= t A' 


0 ( 



wlieic all the quantities are expressed in C.G.S K,M. units. If n denotes 
the Velocity under a potential gradient of one volt per cm., 


u 


V 

X 


10“* = 


r. lo* 



is) 


The ratio of the velocities of two ions having cliarges c, c', and velocities 
c, /(', ill the same solvent is, 

BX- 

ii __A _ td ^ ^ ^ tr BX" 

m' /V' c' 


'Ahere A, A' are the equivalent conductivities of the ions at infinite dilution 
^nicl c is the ratio of the valency of the second ion to that of the first. 
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ELECTRICAL CONSTANTS OF SAND AT ULTRA 
HIGH FREQUENCIES 

llv v-> K. CHATTERJJiU 

{Received fo} pitblicalh)!, AuiU. 79/91 

ABSTRACT. Ulcctncal constants of dry and moist sn,nd (up In 15 inoislnrt* content) 
lunc been niea<?iu-cd over a frequemy lange of Mc/s to 50.) Mc/s Dielectric constant, 
conductivity and loss tangent inciease with increasing moisture content Dielrclnc constant 
uid conductivity of dry sand vary betvvecMi .! 6 to 27 and o.^'^^X lo’’ c s it toi.O/iXio'’ 

. s II respectively over the frequency range 111 question Loss tangent for dry sand varies 
liom 64X10 to 153X10''' o\er the same frequency range Reflection coefifieicnt for dry Land 
leiiiains practically constant at c 24 over 300 Ale, s to 500 Me s But phase change on 
icneition varies with freciuencv Reflection coefficient increases from 0 24 to 0 35 at 
!,0(' Mc/s fir dry sand to 5 6 % moist sand There occurs also, a variation of phase change 
nil reflection with different moisture content 

']' H K ( ) R fi) T I t: A L 

Mcasuieincnt of Diclccluc Conslanl . If a pair of parallel wires excited 
at one end by an oscillator is first immersed vt-holly in air and tlien in a 
nuiiconductiug dielectric material having dielecliic constanl c, the ratio 
of the wavelengths in air A and in dielectric A. gives the dielectric constant e. 


/ — 

Lyl 


CSC 


CieUcirit 
Fig. I 




Y- Bridge 


ff tliL dielectric is solid, it is difficult to measure A, directly. When the 
dielectric covers only a part oE the parallel wires (Fig. i.), the lecher wire 
ystem is immersed in three media air-dielectiic-air. In this case the principle 
01 nieasurenicut is contained in the following derivation: 

Maxwell’s field equations are 

CurlH=t.+ -®^ and CurlE=-^ 

' bich when resolved into rectangular^ components given the followmg 
expressions: 
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CurI*H = 7 


Cm\nE= 

_6B, 

dt 

Cm 1 ,/ H = 1 

' " dt 

and Curl„K“ 

_8B, 

dt 

Curl * f/ = 7 , 

.61). 

0/ 

CurUK^ 

0B. 

dt 

Avhcrc 7 , = a i 

T. D = tE 

and B = nH 



All the symbols have usual significance These equations refer to the most 
general medium with the following restrictions: 

1 . It IS homogeneous ,111 that <=, /a and o* are constant over tlie regions 
in question. ^ 

2 It is isotropic in - that these parameters f, /a, n- have the sa\iie 
jiroperties in all directions, 1 

These requirements may be considered to be satisfied iby media like 
air 01 free space rather exactly. But medium like soil is extremely 
inhomogeneous and anisotropic Sand may be regarded to meet these 
lequirements to an iiitcrmediale degree. 'Ihe field equations then give 
approximately correct results depending on the degree of approximations 

ASvSUiiiiiig IJ-—I and considcimg the case of a plane uave of augulai 
frequency w, the electric and magnetic inten.silies in (iaussian units can bt 
determined from the field equations as follows: ' 

E — Ac -I- 

where C is the velocity of light and where A is the wavelength 

in the medium and /I and B involve wave amidiUides. The electric and 
magnetic intensities in the three media in which the lecher wire is immciscd 
are given by the follow'ing exjuessions- 

E^ = A,c 

IT ] 1 TJ + 

tl,i= - \A^c -B^e 
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.litre X, being the wavelength in the dielectric. The other 

oiuponeiits in this case can be ignored. By assuming perlect reflections 
the bridge and applying boundary conditions, the above set of equations 

an be utilised (Lam out, 1940) to yield the following relation involving the 
thickness of the material Sj and &; 

xje. cot /3iSi (cot /Ji'-cot + col /V cot c = o 

u’hich gives 

tan ^iS(.Si'l'S)= vtan 1 /3i.si= tan A V ... (ij 

'.kliere t) = bridge shift = i'— (5^ + Vo) Since V c >i it is evident that for 
sj, A, = o, or even integer, that is equal to an even mnUi])le of \ J2 equation 
11) gives maxiinuin bridge shift Kmc- If the position of the dielectric is 
,i(ljii-ted such that the first boundary of the dielectric coincides with a node 
and then the thickness a, of the dielectric is adjusted (which in this ca.se is 
f'nsier, .sand being llie dielectric) so that it becomes an even iniilliple of A^/2 
lhen the second boundary of the dielectric also coincides wdlh a node, 
hi tins case the phase difference snllered by the wave in passing through 
tile dielectric is dependent only on the optical path difference {/ 3 i—^)sj 
<nul so is independent of the position of the dielectric. But if the thickness 
o! the dielectric is neither odd nor even multiple of A,/ 2 the total phase 
difTercnce suffered by the wave will be given by 


wlieiL and are the phase difkrcnces suffered by the wave at the two 
limiiidaiies of the dielectric In this case, therefore, it is evident that the 
bridge shift will difler willi different positions of the dielectric and conse- 
ijiiLMUly, the value of will be dependent on the position of the dielectric which 
i- undesirable 

Mramrcment of F.oss ylugic- The loss tangent tan (i can be determined 
iiuiii a knowledge oi alteiiuation constant (x and the line parameters 
I', C, pel unit length of thu lecher wire. The well known trans- 
iiii^'-iou line equation involving the sending end voltage Vj, the icceiving 
end \ollage Vn, receiving end current In and the characteristic impcdcnce 
n tliL line / can be w'ntten as follows- 

Vi = V2 cosh 7/ + 7 ^/ siuh 7/ 


' 1^1 c llie propagation constant 7 i.s given by o^ + jf^ involving the attenuation 
' Mishin t a and phase con.staiit ,/ 3 . The attenuation constant a can be 
d hiiiuned (Kusters, 1042! to be as lollovvs: 


cx = 


27 rdA 

A"^ 


T 

s/ m — 1 


‘'•'..re m is an integer 


For ni = 2, «„i = 


2 rrtiA. 

- 


where adA represents the 


- 173SP-.1 
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value of the half power width of the resonance curve. So if the half power 
widths 2dA, and 2d^2 resonance curves for two different thicknesses Sx 
and So of the sample are determined, the attenuation constant can be 
derived to be 


' 1 


(2) 


From transmission line etiiution a can be expressed m terms of line 
parameters as follows. 


which can be written as 


R jC , G /“L 


r „ i 


G ' 

The loss anftle is i;ivcn I)V tan . So the value ol tan S is given by 


tan S = 


R£ 

itiCL, 


- = .(X- 


R 

loh 


2 (X 

to v/ LC 

The values of R and for tlu lecher wire can be calculated from tin 
following relations (Huud, 1924); 


(3' 




^ 1 -fd(af 


dia 




where 7,) represents the d c le'.istance [^er cm length of the Icchcr wire, ;/ 
represents the diameter 111 cm of wire and a is the spacing in cm between 
centre to centre oi vSo if £X,„j and are measured, a can be cal- 

culated from equation (2). Then calculating R and L, the value of tan ^ 
can be determined from equation (3). The advantage of tins form ol 
equation is that tan ^ can be determined without a knowledge of the dielecLnc 
constant. 

Measwemeni of CondurMvity : The conductivity <t of the maleiial 
can be detennined from tlie following relation (vSmith Rose and McPctiic, 
IQ34): 


(Xii>A“ _ otdif-A 
47r”A. 47r“ 


... (5) 


E X I’ R R I M R N T A T/ 

The experimental arrangement is similar to that reported earlier 
(Chatlerjee, 1948). The detector used is of the resonant line type. Sa:id 
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. placed in a wooden box of lentith cm. and width 14 cm The two 
loniidary walls touching the lecher wires are made uf thin niycalex slieets. 

■ )iie of the mycalex walls of the box is adjustable so that the thickness of 
I lie sand covering the lecher wire can be varied The oscillator used is a 
R Type No 535-/V To keep the oscillator output constant, two legulator 
tubCvS have been used with the mains supply and the .supply to the oscillator is 
iiuide through a Vaiiac. The effect ot moisture on cr and tan 8 have lieen 
studied. Percentage of moisture content has been determined from the diffe- 
leiicc in weights of dry and moist .sands. The variation of <r and tan 8 at 
Mc/s with different moisture content is shown in Phg. 2 The effect of 



11 2 ^ 6 

% Moisture content 

Fig 2 

Variation of it and tan 6 al 500 Mc/s with 
Tiioislure content 

11101 e than 6% moistuie content could not be studied as the lesonance peak 
becomes flatter 'I'lie values of «■, a and tan 8 at certain frequencies over a 
jaijge of 300 Mc/s to 500 Mc/s lor dry sand are given in Table I and foi sand 
having moistuie content nearly 2.5% are given in Table 11 . 

Table I 

Values of e;, w, tan 8 over 300 Mc/s to 500 Mc/s tor dry sand. 


Frequency 
in Me/ s 

t- 

<rX lo'P 
ni e S u 

tan Sx lu^ 

300 

~ 7 

0 ifi 

64 

35 ' 

' 2 7 

0 is 


40U 

2 6 

: 0.5 ! 

95 

450 

2 6 

0.S4 1 

127 

500 

2.6 

1.04 

^53 
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1ABI.K II 


Values of c, r;, and tan 8 over 300 Mc/s to 500 Mc/s for sand having 
neaily 2.5% nioislure content. 


FreqiH'iK'3' ui 

1 % moisture 

. 

gXio'S 

1 

Mr/s 1 

i 

1 LOlltcilt 


e s 11 

I Ian S X To^ 


.8 

1 3 

^ 5 

All 

350 

a 0 

1 

3-7 

3 0 

464 

400 


3 3 

3 1 

176 

4 SO 

^ 3 

3 3 

3 2 

124 

500 

a 5 

3 -1 

3-^’ 

420 


Values of Ri\)L lor diflereiit frequencies have been calculated from lli,L 
formula (4' and given in 'I'able III. The constants of the lecher wires an. 

/ ^ 1 

fl=5ciu,, £/ = u. 326| cm. and yo — A 27^10 

cm. 

Taui.k 111 


J'refjiieut'V 
in mc/s. 

300 

I 

I 35' > 

[ 

JOO 

-15'^ 

1 > 3011 

I 

(K/wL)Xio^ 

37 

32 

I 2y 

(» 18 

L..27 


D I .S C U vS S 1 O N 

The values of tail 8 and a- increase with increasing moisture content 
whereas r remains almost constant for low values of moisture and then 
increases. The values of tan 8 for sea sand niea.sured by L^^b (1Q43) at a 
wavelength 8.65 cins, vaiy Irom looxjo™'' to 500x10“^ over luoistun 
content up to o 5%, whereas for Rhine .sand at the same wavelength tan 
varies from 100x10“'^ to 475x10“^ over the same percentage of luoistuie 
content- But •? mainlaiiis a constant value of 2.5 and 2.7 in case of sea sand 
and Rhine sand respectively over the .same moistuie content and the .same 
wavelength. In the present investigation tan 8 at 60 cins. wavelength varies 
fiom 153x10“' to 478x10“”’ ovei a moisture content of 5.6%. 
The value of e varie.s from 2 6 to 3-8 over the .same percentage of moisUne 
content at 60 ems- wavelength. 'I'he value of fe for very dry sandy loam 
measured by Ford and Oliver (1046) at gems w^avelength by using dncit 
reflection method is <^“2 

The conductivity a- determined by Strutt (1930) is 4 x 10“^* e-in.u. ala 
Wavelength of 3.42 metres. 'I'he value of o- measured by lybb (1943' 
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4.3x10"^' e.ni.ti. at a wavelcni»ih of 8.6 cms. The couduclivity value 
intabured by Ford and Oliver U91.6) for a very dry sandy loam is 3 x 10'’ 
c s.n. The values of conductivity in the present case for dry sand vanes 
from 0.26 X to"* e.s.ii. to 1 04 x to" e.s u. over 100 cnis. to 60 cins, 

Refleriwn Coefficient ■ 'J'he solution of many of the problems relating 
o llie propagation of radio waves necessitates a knowledge of the niagiiitude 
of the reflection occurring at the earth’s surface. Ti'he reflection coeflicient 
ot llie earth’s surface is complex and may conveniently be represented by 
h+]K' The magnitudes of the two rectangular components K and /v' 
.ue functions of the dielectric constant t , the ratio of the conductivity «■ to 
the fiequcncy / of radiation and also of the angles of incidence. Cotisider- 
uig plane polarised radiation to be incident normally on the reflector, the 
\Mlncs of K and K' are given by the following relation (MePetrie, 1934): 


K'- 




1-1- V + V[2{c-I- + 4 //")}] 


:i<; + Vji'lt 4^" /i!iy _ 

1+ V V [ 2 {e I- V (‘^“’ + 40“'/)“ )}] i 

u here e and 0 are respectively dielectric constant and conductivity in e,.s u. 
A detenninatiou of the magnitudes of the modulus of the reflection coefficient 
.iiid the ratio of its two rectangular components is sufficient to determine 
tlic electrical constants oi the reflecting surface under consideration. It will 
be seen from the above relation that for infinilely liigli values of f or cr, JC 
Ij^icoiiies zero and K=—i. This means for a perfect coiiduclorthcwavc 
undergoes on reflection a phase change of 180“ . For an imperfect coiiductoi 
K and K’ are negative and ]iOsitive respectively. The values of K, K^, tau“^ 
KjK' and reflection coefficient R at a ivaveleiiglh 60 cms. for different 
l)L‘iccnlages of moisture content are given in Table V. 

’lAllIU IV 

Values of K, K', tan”’ K'/K and R at A = 60 cms. for dry sand and sand 
having different moisture contents 


% moisture 
contents 

-Pry 

4.5 

S f) 

K 1 

-0 237 

-0 318 

-0.31 

K' 

o -'^35 

u 08(1 

1 

0 (n)7 

tan"' 

K 

■ n 

i7i".7 

KvT 4 

i 

i 1 

i 

R 

0 24 

0 33 

1 O.J 5 
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The reflection coefficient of dry sand having e=2 and o' = 3Xio* e.s.ii. 
measured by Ford and Oliver (1946) at wavelength 9 ems varies from 0.2 
to 0.09 for angles of incidence 68“ to 43® 5 for vertical polarisation and from 
0.4 8 to 0.26 over the vSaine angle of incidence foi horizontal polarisation. 

The value of tan”^ is < 180“ which means that the advance of jihasc on 
K 

reflection is <[ 180“ and the aiiionnl oi change is a measure of the ratio 

I^i ^ , j^i 

. The variation of reflection coeflicicnt and tan''^ , , of dry sand over 
iv K 

the frequency range 300-500 Mejs. can be vStudied fioin Table V. 


'i'AUIJi V 

Values of reflection coefficient and tan“’ of dry sand over a frequen- 
cy range of 300 Mc/s. to 500 Mc/s. 


h'lccj ueucy 
in Me/s 

3 (jo 

350 ! 

400 

450 

500 

, K ' 




1 


Inn * 

A 

^ 76 ’’ ■> 

jy-s" J 

171“ ') 

173'’ 

171’ ; 

R 

0 24 j 

0 ^‘13 

I 

0 237 

0 23(S 

|. » ^4 


It nili be seen from Table V that the reflection coefficient remains practi- 
cally constants at about o 24 over the frequency range, whereas tail"' 


dcci eases with frequency increasing from 300 Mc/s. to 500 Mc/s. 
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THE RAMAN SPECTRA OF TRICHLORO-ETHYLENE AND 
TETRACHLORO-ETHYLENE IN THE SOLID STATE 

By vS. B SANYAL * 

{Received for publication, March 29, 7950) 

Plate V 

ABSTRACT - Raman spectra of trichloroethylene and letrachlorocthvlene in Hie liciunl 
slate at about anti in the silitl state at about -i.so'’Chavc been investigated In the 
lattei case the frefjuciic>-sln‘fls of sonic of the Raman lines increase m the solid state, but no 
iicu line appears in the iow frequency rcgimi On the other hand, in the case of trichluu» 
tthyleiic only one new line at (So cur’ appears when the liquid is solidified and cooled to 
- 1 sc/’C and the intensities and positions of some of the prominent lines change wdili the 
solidiricntioii of the substance It is pointed out that these observations contiadict the 
livpothcsis put forward by previous authors that these lines may be due to rotatory 
oscillations of the molecules pivoted in tlic lattice. It is pointed out that these new lines aic 
due to presence of a halogen atom and permanent electric moment in the molecule in this 
parlicular ca.se. 

INTRODUCTION 

It was previously observed by the preseul author and Mazumdai (1949) 
that m the case of two compounds having* similar molecules, c.g., chloioacelyl 
cliloridc and bromoacetyl chloiidc, the number of lines observed in the 
liquid state is nut the same It was further observed in the case of the 
latter compound, that the number of lines is actually more than that expected 
theoretically and this w*as explained by assuming that strongly associated 
nioleculcs were piesent in liquid bronio-acelyl compound. Thus the belinvionr 
of the tw'o similar molecules, both polar ui the liquid state, is diQuieiit 
from each oilier. In boih the cases wdicii the liquids were solidified and 
cooled down to - 150^0 a feeble new' line at 48 cm"' was observed It was 
pointed out that m the case of such a complicated molecule the appearance 
of only one line in the low frequency region in the solid slate cannot be 
explained by assuming that the hue is due to rotatory oscillations of the 
molecules pivoted in the lattice as suggested by Kastlcr and Kouss.l (igqii. 
In order to hud out whether the appearance of such a line is due to the 
piesence of particular atom in the molecule 01 it is due to the presence of 
strong permanent electric momcnt» two similar compounds, e.g., tetrachloro 
ethylene and trichloio-elhyleiie were selected and the Raman spectra of 
riiese two compounds in the liquid and solid slates have been studied in the 
present investigation. 

Communicated by Prof. S. C. Sirkar. 
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UXPIiRIMl^NTAI, 

The liquids were obtained fioin an old stock of Kahlbaum’s original 
packings. Tlie}^ were di.stilled in vacuum before use. Arrangement for 
recording the Raman spectra in the solid stale at low teinpeiature was the 
same as that used in this laboratory by previous workers, such as Bishui (1948) 
and Majuiiidar (1919). A I'ucss si^ectrograph giving dispersion of about 
13. 5X per mill 111 the region of 4046 was used. In each case iron arc 
spectrum was used lor com[)arisou. The polarisation of the Raman lines wa.s 
also studied 111 older to verify the data published in Annual Table ol Lonstanls 
(Mag at, 1934)- 

R P) 8 U h T S AND I) I S C U S S I 1) N S 

The specLiographs lor liquid and solid states are reproduced in, the 
riate V. The resulls are given 111 Tables I and II in which the letters P.^nd 
D mean that the value of the de-polarisalion iactor is less than 6/7 and eq\ial 
to 6/7 respectively. The values ol the frequency-shilts in the case ol the 
liquid slate as given in Annual Table of Couslaiits by Magat (1934) are aisn 
included m these tables for eomparison. It will be observed that in the case 
of tetracliloro-ethyleiie the lines 338, 450 and 1572 cm"' shift respectivel> 
to 342, 45-^, and 1576 cm ' and thus the binding forces in the C-C) 
and C " C increase with the solidification of the liquid. No new line 
in the low fi'equency region is observed, however, in this case. But 
there seems to be a faint line, 380 cin“^ in the spectrogram to the 
solid and on closer examination the spectrogram due to the liquid also seems 
to show the existence ot a taint liaiid at this place. On the other hand, 
in the case of Inchluio ethylene, it can be seen from Table II that much 
more prominent changes have occurred m the relative intensities and positions 
ol the hnc-s with the solidification of the substance. The line 1582 cm”' due 
to C - - C valence oscillation doe.s not shift lu the so id state, and its intensity 
relative to that 01 the Ijiil* 029 cin“' remains also the same, but the iutensilj 
of the line 30810111"' due to C - H valence oscillation increases very much 
ill the solid state and bjcomes huger than the mtciisity of the line 1582 cm"'. 
The intensity of the line 1248 cm"' at the same Lime, diminishes considerably 
in the solid state- As regards the lines due to C -- Cl valence oscillation the 
frequencies diminish in some cases and increase in others. Thus the 
hues 277, 457 Jii^d 629 cm"' .shift to 270, 450 and 623 cm while the lines 
211 and 3S3 cm"' shift respectively to 216 and 390 cm"\ Thus it appears 
that the strength of the C = C bond remains unaltered while the C==C bond 
is affected by the inter molecular field in the solid state. Further a sharp 
line at 62 cm”' appears in the solid stale and since such a line is 
absent in the tetrachloroethylene, it is quite evident that it is not the 
preseuce of chlorine atoms m the molecules alone that is responsible lor 
the appeal ance of such new lines, but the presence of permanent electric 
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Fig. 1. 

Raman Spectra 
if/) Tiichluioethylene dt -]S0'C 
(h) „ Ql 2TC 

i ( ^ Tetrachloroelliyleno at 150*C 
(d) „ dt 27'C 
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Table I 


Tetrachloro-elhylene 



Cl 

Cl 


Iviquid at 26 'C 


Solid at about — tso’C 


]\ragat (1934) Au ill cm > 

ricsenl antlioi 

Av in cm ' 

Present author 

Av in cm “ ^ 

238(5) 

1 238(7) j e, k, D 1 

242(2) , e, k 

3-14(3) 

346(4) , e, k, T) j 

34'^(i) ; e 


382 (ob) 0, e P j 

380 fc) : e 

448(0) 

450(9) ; e, i, k, P 1 

45,4(1) , e, k 

513(2) 

5i6(3);e, k, D | 


157c* (9) 

1572(10) , e, k, D 

1576 (5S>) i e, k 


Table II 


Trichloroethylene 


Ck /Cl 

>c = c<' 

^C1 


Liquid at 

z 6 X 

vSoHd at — 150'C. 

Simons (1932', 

Av in cm 

Present author 

Ai' in cm ' 

Present author 

Av in cin“i 

172(5) 

174-4) . e, k I) 

62(2) , e 

174(1) ; c, k 

211(4) 

2iil2b) , e, k, D 

216(1) , e 

274(5) 

- 277^5) ; e U, I) 

270(1) , c, k 

300(5) 

383(6), e k, D 

390(4) , e, k 

452(3) 

457(3) . f, 

450(2) , c. k 

628(5) 

629(5) ; e, k, P 

623(3); e, k 

775(2) 

765(2), c, k, D 

765(1) , e, k 

933(1) 



1248(2) 

i248rj) ; e, k, P 

i24S(ob) , e, k 

1585(6) 

1583(7) , e, k, D 

1582(6) : e, k 

3080(4) 

3081(4) ; e. k, P 

3076(6) , e, k 


i-i738P — 4 
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moment simultaneously with the presence of helogen atoms in thr 
molecule seems to be the main cause for the appearance of this ne\. 
line in the picseut case. 'I'he results obtained in the present investigatioi 
seem to contradict the hypothesis put forward by Bhagvantam (1943), aii> 
Kastler and Rousset (1941) that these new lines may be due to rotations : 
oscillations of the molecules pivoted in the lattice. The molecules of trichlou 
ethylene and tetrachloro-cthylene are similar to each other excepting th. 
fact that one is polar and the other is non-polar. and if such rotationri 
oscillations would give rise to new Raman lines in the solid state we woul-: 
expect new Raman lines, at least three in number in each case, in the lo\. 
frequency region when these substances are solidified. The change in tlh 
relative intensities of the lines due to the C-H oscillations and the shift in 
the lines due to C — Cl oscillations in the case of trichloro-ethylene su|ggc‘;t 
that something like a virtual bond is formed in the solid state between 
udiacent molecules, and this may also be responsible for the origin of tlu 
new line at 62 cm"’ in the case of trichloro-ethylenc in the solid state. 
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THERMODYNAMICS OF AN OSCILLATOR ASSEMBLY 

By R. P. SINOH 

{Received for publication^ Nov. t2, ig^g) 

ABSTBACT. The thermodynamics of an assembly f'f linear harmonic oscillators is 
,v rkcd oiil. The expiessioiis for specific heat obtained here for Bose and Fermi statistics 
;lic compared with those of Auluck and Kothari. Their results, obtained by use of partition 
iiicoi V of numbers, show that entropy and hence the specific heat is the same for both H F 
.,iid F I) cases while here it is approximately the same, and not exacLlv In the derivation 
(icic the sums have been replaced by integrals and it remains to investigate where the 
flillereiice actually lies in the two cases This will be done in the next communication 

The tliei'iiiodyiiamical study of an assembly of liiiear oscillators is of 
coii.siderable intrinsic interest, and also because of its close connection, as 
has been shown by Auluck and Kothari (1946), with the partition theory of 
iinmbers In fact, one can profitably discuss processes of approximation, 
leplacemeut of sums by integrals and so on for this assembly, and such a 
dLscussion is expected to furnish greater insight mto these questions than 
one relating to a more complicated assembly. Fin ther an examination of 
•^ucli questions is opportune as appears iiom Dingle's (1941) recent 
coiiliibiition. 

We first take the case where the sums have been replaced by integrals 
iij lIiL usual mauner. The distribution law of the assembly is 





(0 


ulieic / 3 = + I for I'‘ermi-Dirac case and -i for Bose-Kinstein case, and 
n(0 dG = a (c) / (fc) 


u iih 


ai '■ 


a (e) ^ 



0 


h) 

(3) 

(4) 




our case 


a(e) = 
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SO for N and E we have 


and 


where 


N-- 


kT f di^ 


E=- 


ikry 


J 


udu 


+ fi 


n~ 


kT ■ 


T. Eol the case of non-degeneracy wc have A << i and the di&trijjiitinj 
function is easily expanded as senes In this case the total numbet N ot 
the oscillators in the assembly is given by ^ 

^ n 


where Ai is defined by A , — 


Nlim 
kT ■ 


in above equation (7) a quantity /I, has been defined and /3= - 1 Jor 
Uose-Kinsteni case and /5= + i foi h‘ci iii.-Dnac case The total energy 
of the assembly is given by 




(kTE 

fiio 


u 


udu 


+ f^ 


= Nrr-Cn (M) 


where 



and 



5 

2.8 


3 

6 ’ 


Substituting the value of /li wc get for the energy of the assembly, 


E=Nhr ^ a/lv^^.o - hfr- -i- + 

k 1 \k i ) 

and the specific heat of the assembly is given by 




(lo) 
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The thermodynamical potential and the entropy ol‘ the assembly can 
also be obtained as follows foi the non-degenerate case. They are 

= log yl=log ^iH-2a/3/i, + (ij) 

Nkl 

and 

=i-ioKA,-aM, + lhl 3 \'\,^-WA,'' ... (12) 

or 

.S = Nfe[i-log ^li + a/:^/Ii + i 6 iSM,"--Jc/ 3 Vli" + ...1 .. (13) 

In the above G is the thermodynamic potential of the assembly and .S 
IS the entropy and again ,/I=+t corresponds to F. L). case and (i=—j to 
thd B. E. case 

The equation (to) demonstrates an interesting fact, that is, it shows 
that for non-clcgeneracy (/l«i) the specific heat C„ of the assembly is 
proporlioual to the number of oscillators in it and that it is the same for 
both Bose-Kinsteiu and Eermi-Dirac cases to the approximation of the 

order of 

2. Wc shall now take up the degenerate case 

111 degeneracy the Eermi-Dirac and Bose-Jvinstcin cases are consideied 
separately. For Bose-iunsteiu degeneracy J=i and ft=-i and so the 
energy of the assemlily is, 

U'JI' f jidu Urf 
ItM J 0 “ I 6 

Hence 



Also G = iVfcr log /l = o, ... (i6) 


riiid 


E kT ^ 

" NkT 6 Nliu> 6 Ai' 


(17I 


The degenerate case of Fermi-statislics is characterised by /I»i and 
In this case the integration is carried out by using Sommerfeld 
f<'rinula according to which for large H we have an asymptotic series 
' xpansion for the integral 


j de 


(18) 
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= i0{si+2Crf" («)(fer)‘’+2C.(fer)>'''w ... (i8o) 
where Ca« = (i -a’"®")t(3n) ... (i8b) 

U^h) being the well known Riemann-Zeta function. The numerical 
valucb of Caw are IMc-Doiigall and vStoncr^ 1938) 

12 730 


and 


C\= 

30240 ' 


The above expansion of fi8) is subject to an error of the order of 
and holds good if 4"//,7'»i and ^(fe) is a regular function vanishing for 
We have in this case for N the number of oscillators in the assembly 

\ 

\ 


^=1, J PI 




I jr d(0 I , 

j de ■ 






feu) 


^ log A 

not 


(10) 


Nfecr) 

kT 


= /Ji = log A. 


(20) 


On the other hand the integral for N can be directly evaluated giving 
correct value ol Ai. We have 



putting c^'—Z and changing the variable from U to / we get 



00 

r n 

f 

I _ 

I 

J 

z 

Z + A 
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= l0g(l + y4). ... (^l) 

Thus we have log (i + ^4) for the accurate value of Ai Avhich can be put 
i n the form of a scries in powers of A 


log (i + y1) = log A ^-log^ 1 ^ 


= log.4+ ^ 4- 

A 2/1“ 


... (27 


and because /l»i we have log (i + zl) ~ log /4, f.c. /I log/1 which is 
the same result as (30) . 

Now the energy in the Fcnni-Dirac case is 


0 r'T + 


_ I ? d(ie°) I 


i 


= ^ ie^ + sC,(kTr 

nil) 


a-rr- 

6 


We shall now find £ using i2i) and substitute in (23) for various orders of 
approximation. 

To the zeroeth order approximation i4i = log A 


A=e^l ^ and so ^ / ?. t = - 


'The energy E in this case is 


i = N%o. 


E = ^\Wliior+l ikTY 


-■ (25) 
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6 fed) 


and so 



(26) 


Here we sec that we have got equation (26) identical with (15) for the 
Bose-Kinstein case. Ihiis to a zeroeth order approximation the specific heat 
is the same for both Bose-Einstein and Fernii-Dirac cases for def^eueracy. 
The specific heat is seen I0 be independent of the number of oscillators in the 
assembly for the b'ermi-Dirac case That it is also the same for Bose-Kinstein 
case IS easily understandable. 


and 


3 \ «'■> 


exactly for Bose case 


approximately for F. I) case. 


\ 


We now proceed to obtain the value of in the j)re5ent case to a higher 
approximation using more accurate value of 
From equation (21) we have again 


or 

and hence 


NViw 

kT 


= log 


Nhw 

ZirhT 

A = c - 1 


Nhu) 

(•Lp>T—g^ 2-nUT — j 


Nha> 

ilhT =log C 2 ^/ 27 ’ +]og| 


I — e 


Nhu 

2irkT 


which gives 



(27* 


and 


$^=(mo^y + 9,N%okT log 




-^ikTV 
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Substituting^ this value of in (23), we gel 


tlui 


■( (N?icu)* + 2Nti(x)kT log ( 1 — f zvkT 


Nhw 


I V) . 

+ (fern log (l-£? 21TkT)j J. H- ^ 


N~% 


- + 2 iVfcr log I 


l^.irkT j 


lArT) = 


_Nh(^ 


and hence the sjjedfic hc.it C„ is 




8 ? 


Nho) 
e zvhT I — 


2N^%. 

Nhu 

I — c aTr/,:!/' 


Nhje 

Zirk'l' 


2k{kT) 

lid) 


Nhw \)2 


+ -|log|l-C 2Tr^;T 




2 _]Vi^ 
(/v’ 7 :r A'r 

lid) 


.NTid) \ 

c log(i — r 2 itkT \ 


tNhu 
j — c 2'itk'l 


_ Nlm 
j-c ^ir/c'/' 
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(2 q) 


J \ ?l'.. / 'I / 

' ' (• civkT ^ ^ ' 

j ^ MkT)\ J , f 


( 3 «) 


I'.quatioii (30) shows that in tilt- degenerate P‘ei ini-Dirac case the 


s'liL’cific heat ha>s additional terms beyond - 


■He) 


11 can be seen that 


)'ebe terms have a VLMy small contribution to sjjccific heat But on the other 
iiid it we proceed by more exact method of sums (and not replace by 
'i'W'guds) as described by Auliick and Kothan (19.^6), we find that 
'w 'ropy and hence specific heat is exactly the same for Bose and Fcniii 
' ’ ^uistics. 


■1— 173RP--4 
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1‘he above treatment shows that we get results by integral method which 
do not agree exactly with those obtained by sum method. It would be of 
interest to investigate where the difference actually lies and in this connection 
the work of Dingle and I^iebfricd and Kacmpffer (1948) is relcvent. 
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ABSORPTION OF U. H. F. RADIO WAVES IN SOME 
SUBSTITUTED BENZENE COMPOUNDS 

Bv S. N SEN 

(Received for publication March 31, ig^o) 

ABSTRACT In coiilinnatioii of previouK woik, tin ubsorptiou of ultra high frequency 
1 atho waves of frequencies ranging from mcgacycles/scc in chlorobenzene, toluene, 

lUi}] benzene and uiho-benzene at tcinpeiatures ranging from ? 7” C to -94'' C in the first 
iliice casts and from 37'C to in the latter, has been investigated It is observed that 
tlieic is a broad peak in the absorption curve of chloi obenzciic at 410 mcgacycles/sec when 
the liquid is cooled to -3o“C 'I'he absoiption becomes negligible when the liquid is 
,()lidified and kept at 0 temperature of Tn uf nitrobenzene at 26", 7C a similar 

jirnk IS observed at a fieqnency of 505 megacvdcs/scc and 111 this case also, the absorption 
\ ainslics when Ihc substance is Kolidiiled and kept at the melling point of the solid, i.c., 
nt In the case of toluene and ethvl Iienzene there is no absoiption in the frequencies 
uKMitioned above in the teinpenitmc langc from “95"C to 27'’C Also, when solidified, 
these two substances did not show any absorption of the railio waves. These results have 
liccji discussed in the light of the theorie.s put forw'ard by previous authots to explain the 
origin of new lines in the Raman spectra of these compounds in the solid .state. It is 
poiiilcd out that the order of frp(jucncic.s of rotational o.'^cillatiniis in the liquid .state as 
uulKated bv absorption peaks mentioned above i.® dillercnt from that of the frequencies 
of tlie new Raman lines of these sulistance.s obsened 111 the solid state. For this reason 
the txplaiiation offered by pievious workers that .such rotatnmal oscillations of molecules 
jic the cause of the new lines obseivcd in the Raman .spectra of the compounds in the solid 
sl.itc is not correct 


INTRODUCTION 

Ft was shown recently by the present author (Sen, 1049) that many 
liquids, in which anomalous absorption of U H. F radio waves could not be 
(lulccted by previous authors, show absorption when the frequency of the 
ladio-waves and temperatures of the liquid are adjusted. It was thus 
oliscived that acetone, ether and methyl ethyl ketone exhibit such anomalous 
absoi'iitioii at different temperatures when the frequencies of the incident 
1 aclio-wavcs range from 250 megacycle.s/5cc to about 530 megacycles/sec. 
I'hc significance of these results was mentioned in the paper mentioned above 
find it w'as pointed out that probably the niterinolecular field produced by 
neighbouring molecules has an effect on the permanent electric moment 
'-(f each molecule and due to thermal vibration there is a periodic fluctuation 
nf permanent electric moment also. The.se results also indicated that 
Statural frequency of angular oscillations could be obtained from the frequency 


* Commnnicaled by Prof. S. C. Sirkar, 
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of the radio-\^■avei5 absorbed auoinalously by these polar molecules. Recently, 
Ray (1950) has investigated the Raman spectra of chlorobenzene and toluene 
and lias observed five new Raman lines in the low frequency region in each 
case. Ihe oscillations pioducing these lines have frequencies varying from 
.15 cin“‘ to abonl 130 cni”’, Previous woikeis (Kastler and Rous.sel, IQ41) 
have atliiliiiled the oiigin of such lines lo angulai oscillations of molecules 
])ivei1cd at tliu ti>stal hitlice about the thiec axes. Pliagavaiilam (1941) 
also indfcia nclently jnit foiwaid a similar hypothesis and indicated that when 
the sLibstaiu e passes fioni solid to liquid slate, the oscillations giving rise 
to iic’v lines in the solid slate are tiansfoimcd into hindered lolation and 
the wings aceonqiaiiying the Rayleigh Hue in the Raman spectra may be 
due to tin. sc hindered lotations. In the case of chlorobenzene and toluene, 
the wing does not extend beyond 140 cm"’ fioin the centre ol the Rayleigh 
line and d ihe mteiprelation given by Bhagavanlam (jg/) 1 ) 1 e correct, it 
appears thal frequency of liiiideied rotation of the molecule 111 the bqAid 
is of the same order of magnitude as that of the angulai c).scillatioii of ttie 
niolet nle pi\ o1ed in the ciystal lattice. Hence, according lo tliis tlieoiy, th.e 
frequencies ol the radio waves winch are absorbed by polar iiiolecule.s in 
the liquid state should be of the .same order of magnitude as that of the 
ficqucncy- shifts at diffcicnt points in the wing accompanying the Rayleigh 
line in these liquids. Since the frequencies at certaiu po.silions in the wing 
conespoml to jo'“ per sec m the I w?o ca.ses mentioned above, there should 
be no absoiption of ordiiiaiy ultra Ingb-frcquency radio-^vaves by these 
liquids. In the present invc.stigatioii, atlcnijil has been iradc 'to lest the 
correctness ol the hy])olhesis imt lorward by Kastler and Roust-ct (ifj4i) 
and independently by Bhagavaiitam (1941) by studying tl e absoiqition of 
ultra high-frequency ladio w'avcs 01 frequencies ranging from 250 Mc/sec. 
up to 530 M c /sec. in chlorohenzene and toluene at different teinperature.s. 
The investigation has also been extended to nitrobenzene and ethyl benzene 
to find out how the fieqnency of absoiption changes with change in the 
sulxstitulioii groLi]) m the benzene ring. Attempts have also been made 
lo detect the absorption ol these ultia high-frequency waves by all the four 
subslance.s 111 the solid state, 

K X P E R I M K N T A b 

The cxpcnmenUil arrangements are essentially the same as those described 
pievioiisiy (ficn 1949) and the-se arc showui diagraniatically in figure i 
It was obscived that when cylindiical reflector M of parabolic cross section 
was used in the position sliowm, the waves were less divergent than without 
it so that the lecciver could be placed at a distance of about 40 ems from the 
aerial Without a reflccloi in tliis position there W’as much smaller current 
in the tuned detector due to incident radiation, at such a distance- The 
thiekness of the glas.s cell m which the liquid was put was about 3.95 cms., 
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Mitl its width was about 14 ciiis., which was much hii'Kiii than the diametei 
,1 the tuning condenser. The whole receiver was covered with an earlh- 
oniicctcd metal sheet leaving only a window iu.sl in front of the tuning 
I Miidcnser, and as this window was completely covered liy the cell containing 

I he lifjnid it was not possible for any radiation from the oscillator to reach 
lie tLiiiiiig condenser vvitliont iiassiug through the liquid in the cell As 

II was intended to find only the frequencies of radiation 111 the region of 
■noinalous absoiplion, no attempt was made to mcasuie the atlcnualion 
, (»-efficieiit under ideal conditions. Allowance was, howevei, made for the 
aliborption of waves m the empty glass cell itself as explained in the pievious 
tiivesiigalion (Sen, 1949). 


dltector 



P'lG. 1 

'I'lic current in the detecting circuit adjusted fur resonance was first 
nutud without placing the ceU between the vertical aerial and tuning coii- 
(kii.scr of the detector, The cedi was previously pul inside a Dewar vessel 
,iI)ove the surface of the liquid oxygen contained lu the vessel and when a 
steady low temperature was indicated by the pentane thennometer inserted 
m llie liquid thiough a cork Gtted at the mouth of the celH the ceh was 
taken out quickly and inserted between the aerial and the tuning condenser, 
'rile condenser wa.s immediately adjusted again for resonance and the current 
/.was noted. The liquid was then taken out and after the empty cell had 
iieen cooled to the same Iciiiperature as before it was placed betw ceu the 
aenal and the tuning condenser. The resonance was restored by adjusting 
11k condenser and the new current was then noted. jMUCe we have 
where is the attenuation co-efiicieiit and v denotes the 
lliu kness of the liquid in the cell, we get the attenuation co-efficient from 
Ike relation. 

fi~ (i/.v) log, (I-Jh)- 

This was repeated for different tcmperaluics of the liquids and for 
ku lent frequencies, the different temperatures being obtained by placing 
tile cell at different heights above the surface of the liquid oxygen in the 
lVv,,i vessel. The value of 1 2 was less than h by about 5% to 8%. 
'le value of attenuation coefficient taken here is fairly accurate. 
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Tabi-e I 

Cliloiobenzene CtHsCl 



c "C 

-3o“C 

" 45 *C 

(Melting point* of 

Ti cqneucy 

Me /sec 


M 

solid), 

«i20 

.oSSjS 

02446 

1.004 

1^01' 

.0*7750 

. 04002 

1.001 

^jSo 

.06S82 

.072S5 

1 000 

/l6t' 

.06155 

.1050 

1.000 

.HO 

05050 

.1325 

1 001 

420 

04531 

1365 

1,000 

400 

-033S4 

i *1275 

I.OUI 

3P0 

.02975 

.1027 

1.001 

360 

0^678 

.06750 

> 000 

2 AO 

,02514 

.04512 

I Of )2 

3?o 

.02414 

.0350 

I .OfU 

3^ 0 

, .02014 

.0225 

1 002 

280 

1 

.03560 

1 noo 

260 


.01450 

I.OOl 

250 

— 1 

.01232 

r.ooi 


26 ’7C 

hlh- 


I 002 
1 LilH 
T 000 
1 . 00 /) 
1 OOl 
i.oor 
J 001 
^ 000 
I 000 
1 noi 
X noo 
i.OOI 

r 001 

J OOJ 
I L>00 


Taw.e II 

Nitrobenzene C,.H2,N0a 


Temp 26 "7 C 


Frecjticncy 

Mc/hec 


5 “C 

(Melting point 0/ 
the solid) 

hlh 


530 

2608 

; 1 .000 

510 

.2932 

j I oor 

500 

29^5 

1.001 

400 

.2886 

I.OOl 

480 

27^3 

I 002 

470 

2675 

I 002 

460 

-2,519 

I oni 

450 

2379 

1.002 

440 

.2280 

I.OOO 

430 

.2248 

1.003 

420 

2030 

1.00 2 

410 

.1932 

I ono 

400 

■1756 

I.OOO 

390 

.1624 

1 .003 

380 

■1523 

■1.003 

370 

.1421 

1.003 

360 

■1365 

1 .000 

350 

I2?4 

I.OOO 

340 

T 021 

1.002 

330 

1009 

1 .ClOO 

320 

0932 

1.002 

310 

.CS02 

1.002 

300 

.0728 

T.COI 

290 

0580 

I 00,1 

280 

0461 

T.002 

270 

.0330 

1.003 

260 

•0323 

I.OOO 

250 

.0266 

I.OOO 
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Tabi^e III. 

Toluene CsHsCH.-. 


Temp. 

juency 

/sec. 

“1 

«7’C. 

hlh 

o*C 

h/h 

-30‘C 

hlh 

-65-c 

hjli 

-95"C 

hfh 

52s 

1. 001 

1. 001 

1.001 

1.001 

1.002 

Soo 

1. 000 

1. 001 

1.001 

1.002 

1. 000 

480 

1. 001 

1. 000 

I 001 

1.003 

1.003 

460 

1.003 

1.001 

l.OOl 

I 003 

1.001 

440 

x.ooo 

1. 000 

1.001 

1.001 

l.OOl 

^20 

1.003 

I 001 

1.000 

1 001 

1.000 

40U 

1.002 

1 001 

1.000 

1.000 

l.OOl 

380 

1.001 

1.001 

1 000 

I coo 

1.000 

360 

1 005 

1.003 

1.001 

I 001 

1.000 

.MO 

I.OOT 

1. 001 

1. 000 

1.001 

1.001 

320 

1. 001 

1.002 

I 000 

1. 001 

1.001 

300 

I 002 

I 001 

1.003 

1.001 

1.000 

^8i) 

1 000 

! 1.000 

1 000 

1.000 

1 000 

260 

1 000 

1 .000 

1. 000 

1 000 

I 000 

?50 

1.000 j 

1 T.OOO 

1.000 

1.000 

1.000 


Table IV. 

Ethyl Benzene CttH4CnH6 


Temp. 

27 *C 

o“C 

1 

*0 

d 

1 

- 65 -C 

-95'C. 


I'lih 

/•2//l 

hlh 

hlh 

hlh 

Fiequency 

Me / sec 

l-OOl 

I OOl 

[ I noi 

.nno 

.000 

300 

1.001 

T ono 

I.OOO 

ooo 

ooo 

480 

1 002 

1 ooo 

1 00.3 

004 

.oon 

460 

I 001 

1 OOO 

1 .001 

ooo 

.ono 

440 

l.OOl 

I OOl 

1 002 

OOT 

.001 

420 

1 003 

1 003 

1.002 

002 

001 

400 

1 001 

T roi 

1 OOO 

oni 

OOJ 

380 

i 001 

l.OOl 

I.OOO 

OOl 

.001 

3^3o 

1 000 

T OOO 

1.001 

,001 

.004 

343 

1 . 0 (X 1 

I.OOO 

I OOl 

.001 

001 

320 

T.tOl 

I ono 

T OOT 

001 

.001 

300 

I .'.on 

1 003 

1.003 

001 

001 

2.^0 

1. 000 

1 ,000 

T oon 

non 

.000 

260 

I.OOO 

I.OOO 

I . XiO 

ooo 

-OOO 

230 

I 000 

I ooo 

I ooo 

ooo 

oon 


111 this way the absorption in chlorobenzene was slndied in the tem- 
pt lature-range from 26®C to -45°C, in toluene from 27'’C to -gg^C, in 
iitiobenzene from 27*’C to 5*^0 and in ethyl benzene from 27°C to “94'’C. 
absorption of radio-waves in these substances in the solid state and kept 
then- freezing points was also studied in this way. 
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RESULTS AND DISCUSSION 
The results are given in Tables I— IV. They are also shown diagraraina- 
tically in a to 5. It will be seen from the figures that in case of ethyl 



KiG. 2 


(Chlorobenzene:) 
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260 300 340 380 420 460 500 540 

FREQUENCY IN MEGACYCLE 5 /Sec 


4 riolucnL) 



260 300 340 360 420 460 500 

[frequency in megacycles /6gcJ 


5Fig. (Kthyl benzene) 

benzene and toluene in the iuiuicl state there is no absorption of waves of 
irequencies ranging from .50 iiiegacydes/scc up to 530 mcgacycles/sec. even 
when they are cooled down to temperatures just above their freezing points 
In the case of chlorobenzene, at -30^0 an absoiption peak is observed at 430 
megacycle/ sec- and at o°C the absoiption increases with the increase of 
Ircqucncy up to 530 mcgacycles/sec. without showing any maximum. It 
is also .seen from Table I that when chlorobenzene is solidified no absorption 
peak is observed in the region of frequencies mentioned above. Toluene 
and ethyl benzene also did not show any absorption when they were solidi- 
iied 

In the case of iiiLrobenzene an absorption peak is observed at 26^.70 
-d 505 megacycles/sec but when the liquid is solidified and kept at a teniper- 
atiiie of 5“C the peak disappears and the absoiqhion becomes negligible 
throughout the whole range of frequencies from 250 -- 530 megacycles/ sec. 

The absorption of radio waves of wavelength r.Sz metres in nitrobenzene 
and chlorobenzene in the liquid state w-as studied previously by Szymanowski 
but lie did not observe any anomalous dispersion in the tenqierature 
Miige from io'’C to bo°C m the former case and o“C to 6o‘'C in the latter 
' The results obtained in tlie present investigation show that the absorp- 
tioii maximum is observed in both these ca.ses when the fiequencics of the 
adio waves are increased about three times and also the liquid is coolecl 
’ " in the case of chlorobenzene, 

.s- 1738P— 4 
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The results mentioned above show that when the substances are solidified, 
eiilier the radiations are not absorbed at all, or the region of absorption 
shifts towards higher frequencies because no absorption in the low frequency 
region is observed It is, however, unlikely that shift towards higher frequ- 
ency region may lake place with the freezing of the substance, because with 
the lowering of tempeiatures of the liquid and consequent increase in viscos- 
ity of the liquid the frequency of the region of anomalous dispersion is observ- 
ed to shift towards low frequency region and not towards high fi equencies 
region. Hence with the freezing of the liquid and consequent increase in the 
viscosity of the liquid, the frequency of inaxiniuin absorption is expected to 
diminish. Since such a d inn nut ion in the frecjuency of maximum absorption 
is not obseivcd, it is reasonable to assume that the anomalous absorption of 
radio waves disappears with the solidification of the substance If this be 
true, then absorption of ultra high frequency radio waves seenir' to be in|i- 
limately connected with the freedom of hindered rotational movement <^f 
the molecules and when such freedom is absent in the sol id-state,, the absorp- 
tion ceases. The absence of absorption in case of toluene and ethyl benzene 
even in the liquid stale at low tempeiatures down to their freezing point may 
be due to the fact that the value of dipole moment possessed by the mole- 
cules of these substances is very small. 

The presence of an absorption peak at 420 niegacyclcs/sec. 111 the case 
of chlorobenzene thus proves that the fiequency of rotational oscillation of 
molecules m the liquid stale at-30'’C is of the order of 4,2 x ^ lo'* /sec 
This ordci of magnitude is quite dilTciciit fioiii that of the frequencies of 
the new lines observed in the case of solid chlorobenzene and toluene by 
Ray (1950). Hence the lines observed by him cannot be due to such rota- 
tional oscillations and their origin is to be attributed to other cau.scs. 
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A COMPARATIVE STUDY OF THE DIFFERENT METHODS 
OF HEAT-RUN TESTS ON ELECTRICAL MACHINES. 

1. SINGLE-PHASE TRANSFORMERS. 

By H. K. BASU 

(Received for puhUcation, Mai eh ig^o) 

ABSTRACT. The paper makes a critical study of the diflercnt methods of making 
lieat-rmi tests ou a single-phase irausfornier and of estimating its final temperature rise 
when fully loaded. The results of test show definitely that the alternate open- and short- 
circuit run may be used where it is uit possible to carry out the direct loading method 

i N T K O D U C T T O N 

it is well known that one of tlic main factors deciding the rating of an 
electrical machine is its tcmpeiature rise. A correct determination of the 
inaxmium temperature rise at its rated load is therefore one of the main 
problems confronting the designers, especially when a new design is under- 
taken. The temperature rise may, ot course, be predetei mined but the data 
necessary for the purpose are not always available- The normal practice is 
therefore to estimate the maximum temperature rise of a new design from 
the results of a heat-rnii test on it. There are many methods available for 
carrying out the test Amongst them the direct loading method is known 
to yield the true result In this method the machine under lest is run at 
its rated load under rated conditions for about 5 to 18 hours, depending upon 
the size, till ii attains a steady temperature, which is either read directly 
with the help of a thermometer suitably inserted into it or estimated from 
u measurement of the hot resistance of its winding or windings. Unfortu- 
nately the method is not always feasible in practice in a test room, especially 
m the case of large machines, since it involves a huge wastage of power. 
The other methods are, on the other hand, less expensive. It is therefore 
Avorthwhile investigating if these methods could be employed to deteruiine 
the ixiaximiuii temperature rise of an electrical machine under its rated load 
conditions. In the present paper the results obtained in the case of a single- 
phase transformer are reported. 

MltTHODvS OF HEAT-RUN TEST 

In addition to the direct loading method noted above, the following 
uUcruativc methods have been suggested by several workers (Madden, 1913 ; 
Stigant and Uacey, 1941) for carrying out a heat-ruu test on transfouners 
without actually loading them ; 
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ia) tiuiiipiici* lest, known also as Opposition test, 

(f),i Equivalent vSliort-circuit run, 

(r) Equivalent Opeu-circiiit run, 

id) Alternate Open- and Sliorl-circuil run 

Since it is only llie losses that are resi)Oiisible for the temperature rise 
in an electrical niacliinc, the basic idea underlying all the above alteinat've 
methods is to supply to the inaOnne necessary electrical iiower to overcome 
its full load losses when operating otherwise normally so as to stimulate full 
load conditions as fai as temperature rise is concerned. 


M K T II O D S CJ F E S T IMA 'J' 1 N T E M 1* E R A T U R h: R I vS E 


It is evident that the must diiect and simple method of estimating the 
temperature use in a heat-run test on a machine is to note the reading a 
thermometer suitably inserted into it ^usl before beginning the test l^im! 
after it attains a steady hot state during the test The difference in fhe 
readings of the lliennoiiieter gives the tempeiatnre rise. This method, 
however, takes several hours It is hence necessaiy to keep a constant 
watch on the operating conditions diiiujg the test to ensure oneself that there 
has been no fluctuation or variation in any of these conditions as well as m 
the Leniperalnre of the surrounding atmosphere. 

Anoth(;r equally Iniie-consitmmg method as above is to mcasuie the 
lesistaiice of the winding or windings of the machine undergoing a heat-run 
test at the temperature of the surrounding atmosphere, just before 
beginning the test and, also aftei the steady hot slate is i cached during the 
test. The rise m temperature of the machine is then calculated from tin 
following relation, 


rise in tenipeiaturc = '( (234.5-1-^1 





‘ 0 , 


whcie Ri is the cold lesistauce of the winding at temperature and R2 the 
hot resistance at the steady Jiot temperature. It may be noted that since 

for copper cXu = o 00426, we liavc ^ ”234 5- method of calculating the 

"0 c 

temperature rise also necessitates the same care and preautions as tJu 
previous method, .besides the choice of a suitable and accurate method for the 
mea.surcment of ie.sistance of the winding. 

As both the above methods require a prolonged heat-run test 011 n 
machine, two other meihods in which it is necessary to obtain data ‘>1 
temperature-1 ise over a comparatively very short period only for estmiatnig 
the final tempeiatnre rise liave been suggested 'riiese methods are, llitic- 
fore, called ‘ short licat-ruii tests ’ They are essentially graphical methoL^-'- 

In one of these the I ate of Icniperalure-rise, i.e., is plotted against 

d t 
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^niperature-risc (6* — at regular iutervals during a given period of 
iical-rwi^ test and from the graph thus obtained, the maxiiimin temperaluie 

;^e IS extrapolated since when ^^^ = o, B is niaximuin In the other 

at 


,,(jthod, first suggested by Cotton (1932), only the initial ])ortiou of a lime 
, temperature-rise curve is utilised. The initial slope of this curve is first 
noted and then a point over it is found at which the value ot the slope is 
hdt that of the initial. The final temperature rise of the machine under 
U'st IS therefore twice the temperature rise corresponding to this point as 
rhown below. 


Let B be the teinperature-nse at any instant, /, dining a heat-run test. 

/ _ 1 

'riieii we have 0 = - p t 

i\lieie is the maxiniuui temperature rise and - is the time coustauL. The 
slope of the curve for any value of B is therefore given by 



SO that Avlien B~o, 



N'ow if tile initial slope is times the slope at any point on the curve, 


then at that point 




ti r 



‘'O that B,„—-^^-,B 

n — i 

hhnee when 11 = 2, wc have B„i^2B. In other words, the final temperature 
' B„^^ is twice the temperature rise, B, corresponding to the point at which 

CiL- slope is half the initial slope of the time vs. temperature-rise curve. 

Incidentally it may be noted here that the above two graphicai methods 
;ve not yet been sufficiently tried in practice to ascertain the degree of 
curacy with which the final temperature-rise of a machine in a heat-run test 
c ” be .estimated by them. 
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With a view to coiiipaiing the results obtained by the diilereut methods o. 
heat-run tests, including the direct loading method, a fairly small single- 
phase transfoimcr manufactured by Messrs International G.K.C. and havin; 
the following specifications was chosen. 

Type AN 

ihitput ... ... 2 KVA 

Primary voltage ... 220 Volts 

Secondary voltage ... 65 Volts 

Frequency ... .. 50 c/s 

The ineasiuing instrumeiits and the niercury-in-glass thermometers were all 
calibiated and checked from time to time during the investigation in eoiiv 
[larison to the standards of the laboratory. ' 

To carry out the heat-1 nil test on the transformer by the direct loijdini; 
method, the eoniicctions were made as shown in h'ig . i. The primary^ was 
connected across a 230 V. a.c. supply of 50C/S in senes with a suitable 
rheostat .so that the priniaiy voltage could be maintained constant at 220 V, 
when the traii.sloniier was loaded on the .secondaiy to the rated value. Umhi 
the full load condition, the pi unary current was about 9.1 A and this value 
w’as maintained throughout the test. 



Fjg. I Fig. 2 

Heat-run test by direet loading ujclhod. Heat-iun Lest by Siimpner test. 


For the Suiupner test an identical auxiliary lran.sformcr w'as connected 
ill opposition to the te.st transformer as shown in Fig 2- In actual practice 
the two primaries w'ere first connected to the 230 V. a.c. mains of 50 c/s in 
senes with a suitable rheostat so as to keep the applied voltage across thor 
terminals constant at 220 volts. Thus the power was supplied to the 
piimaries to overcome only the total core loss in the two transformers. TIun 
one junction of the two primaries was opened and a suitable voltage inject. 1 
between the two ends forming the junction in order to .send the full lo.id 
current (9.1 A) through them. The hvo .secondaries carried also the full 
load current by transformer action and therefore gave rise to full load copp r 
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in both the transformers. It is thus evident that the tran.sformer under 
si would develoij maximum heating because of the presence of its full load 
.'ses although it is not directly loaded. 

Before carrying out the remaining hcat-rnn tests the full load losses of 

,,,c experimental transformer were determined in the msual way and it was 

■iimd that the value of the copper loss was nearly double that of the core loss 
Vor the equivalent short-circuit run. a low voltage was applied to the 
|.,imary of the test transformer with its .secondary short-circuited and the 
.q.plred voltage adjusted until the power input (in watts) into tlie transformer 
as equal to Its total normal full load losses. The electrical connections are 

‘ ijown in Fig. 3. 

The equivalent open-circuit run on the test transformer was carried out 
i,y applying a high voltage to the primary, keeping the secondory open as 
shown m Pig. 4. and adjusting the applied primary voltage until the input 
watts were equal to the total normal full load losses. 




For carrying out the alternate open-circuit and short-circuit heat-run the 
nsformer was connected as shown in Fig, 5, To begin with, a suitable 
■ige higher than the rated value was applied to the primary of the 
iisformer with its secondary open, and this voltage was gradually increased 
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till the value of the core loss was equal to that of tlie total full load losses as 
previously determined. The transtoi mer was run under this condition foi 
lo minutes. The primary was .switched on to a low voltage source, with the 
secondary short-circuited, and this applied low voltage was adjusted till tlu 
copper loss was equal m value to that of the total full load losses. Undtj 
this condition the transformer was run for 20 minutL^s. This cycle wa;. 
repeated till a steady hot temperature of the lest transformer was reached. 
It may be noted that the peiiod of each run was so chosen that the ratio 01 
tlie two pciiods of the uvo heat-runs was equal to that of the core loss and 



Fig. 5 

He a I -run b} alternate open-circuit 
and shoil-cireuit luii 


the copper loss of the test transformer. It has been shown by previuii'^ 
workers (McCoiiahey and Fortescue, 1913 , Madden, 1913) that if the leiiv.tli 
of the total period of the cycle ib not loo gieat, pieferably not greatei iliini 
30 minutes, then this method gives lesults closely approximating thosL' 
obtained by oilier methods 

It may be noted here that all the above tests were made under approxi* 

mately still-air conditions. In each case the temperLituie of the transfoiniei 
under test was nicasuied wdth a mercury-in-glas.s thermometer (i small div. 
= o i°C)j suitably placed in contact wdth its upfier primary winding, d'lie 
reading of the tlicimoineler was noted at an interval of 15 minutes fot the 
first two hours and then at an interval of i houi till the hot temperaluic was 
found to be steady in all but the alternate open-circuit and shoii-ciw’iiU 
heat-run lest. Tti the latlci case the thermometer was, however, read td die 
middle of each short-circuit run. The temperature of the surroiuddiifi 
atmosphere during each test was also observed along with the hot teiiipe!* Ud"*-' 
ill order to note fluctuation or variation, if any, in the initial uu”bieu 
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^;niperature of the tesl transformer. This was done by nolina the reading 
, r a similar thermometer inserted inside an identical transformer placed at 
lie same level above ground but at a suitable distance from the test trans- 
jniier (Johannasen and Wade, 1913). The resistance of the primary winding 
- f the latter was measured before beginning eacli test and also at the hot 
i^mperature when it was steady. The readings obtained in all these tests 
:,ic given in Tables I and II. Table III contains the data of temperature 
jibe as estimated by each of the four iiiLthods described in a previous scctiou 
or the different methods of heat- run lest. 
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Table II 


Tesf 

Alternate open-circuit & .short-circuit run 

Time 

Temperature in 'C 

Resistance of Primary 
winding in ohm. 

Hour. 

Min 

I 

Hot I 

Cold. 

n 

i 

0 

32.20 

1 

32 20 

0.377 

o 

.iU 

/1 7.40 

32.30 


0 

5 ‘' 

59 1 *' 

32.25 


I 

1 

20 

65 70 

3 -'’- ^5 


I 

50 

70.70 

3 . 5-45 1 

\ 

J 

20 

73 30 

3^-45 

i \ 

2 

50 

74 

33 50 


3 

20 

1 76 .00 

1 

32-55 

i 

3 


77.40 

32 60 


4 

20 

78 70 

32.65 


4 

50 

79.60 

32.75 


5 

20 

80.30 

32-75 


5 


80.50 

32.75 

• 

6 

20 

i 

80.50 

32 75 

0 - 45 .^ 


aTdle III 


Methods of heat-run le.sts 

Temperature rise in 'C 

T 


3 

4 

5 

Direct loading 

51-15 

53.00 

54.60 

52 Ou 

Sumpner test . . 

57-50 

61 60 

52 70 

060 c 

Equivalent short-circuit run 

57 00 

68.80 

53.60 

58 oil 

Equivalent open-circuit run . . 

34.50 

45 30 

. 34-90 

38.00 

Alternate open circuit & Short- 
circuit run 

47.75 

55-30 


48<oo 
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DISCUSSIONS 

According to specifications of the standardising bodies of different 
countries, the temperature rise of an AN type of transformer with class A 
insulation and running continuously under full load conditions must not 
exceed so"C when measured directly by a thermometer in contact with its 
windings or 55°C when estimated from a measurement of their hot resistances. 
It IS evident from columns 2 and 3 of Table II T that the direct loading 
method of hcat-rim test gives the best result as one would expect. Amongst 
the indirect methods, the Sumpner lest as well as the equivalent short- 
circuit run give too high values while the equivalent open-circuit run gives 
loo low values. But the temperature rise as estimated from the alternate 
()])en-circuit and short-circuit run is very close to that obtained by the direct 
loading method, the agreement specially between the results obtained by the 
measuiement of the hot-resistance of the winding being remarkable. This 
leads one to suggest that the alternate open-circuit and short-circuit lun 
may be employed for determining the temperature rise in a transformer 
wheic it is uneconomical or where facilities are wanting to carry out the 
tliicct loading method. 

Jt is fuither interesting to note that the value of the teinperatuie rise 
us estimated by either of the two graphical methods from data obtained by 
the direct load heat-run test is also in good agreement with that directly 



Fig. 6 

kirst graphical method of delei mining 
maximum temperature rise. 



Fig. 7 

Second graphical method of estimating 
maximum temperature rise. 
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mtasiij L*d by the thermoinclei or calculated from I he hot-resistauce of the 
windings of the transformer. From tins one may infer that any of the two 
graphical methods may be adopted to form a fair idea of the actual tempeia- 
ture rise of the transformer under lest vvlicn it is not possible to carry through 
the heat-run test for several hours. 

Incidentally it may be noted also from Table 111 that the temperature 
rise as eslmialcd by the fust graphical method (column 4) from the Sunipuer 
tesl as well as from the equivalent short-circuit run agrees very closely 
with that obtained by direct load heat-run lest. Another interesting point 
is the very close agreement between the values of temperature rise 
measured directly by the tlieiiiiometer and as estimated graphically by 
Cotton’s method in the case of alternate opeii-ciicuit and shoit-circuit heat- 
urn test. But these agreements may be quite accidental, ft is thcreforL 
desirable to obtain more data on other machine.s for the confirmation of these 
observations. It may be noted that such observations are likely to helpyiie 
designers of electrical machines 111 as much as a graphical method of esh- 
mating very clo.scly the actual tcmperalure rise from the data of an indireci 
heat-ruii test will avoid much wastage of energy otherwise involved in 
direct load test. 
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The Second General Assembly and International Congress of the 
International Union of Crystallography will be held in Stockholm 
from the 27th June to the 3rd July, 1951 . Delegates to the General 
Assembly will be nominated by the National Committees. 
Crystallographers throughout the world are, however, cordially invited 
to attend the International Congress. Those who hope to attend 
are requested to complete Form A which is to be obtained from the 
Secretary to the Government of India, Department of Scientific 
Research, North Block, Central Secretariat, New Delhi, and to 
return it to the General Secretary of the Union, R. C. Evans, 
Crystallographic Laboratory, Cavendish Laboratory, Cambridge, 
England. (Telegraphic Address — Crystals, Cambridge, England). 



TOMORROW’S INSTRUMENTS TODAY 

RAJ-DER-KAR & CO. 

COMMISSARIAT BUILDING 

HORNBY ROAD 

FORT 

BOMBAY \ 

OFFERS - ' 

FROM STOCK 

GLASS METAL DIFFUSION PUMPS, METAL BOOSTE 
PUMPS. OILS AMOILS OCTOILS OCTOIL. 
BUTYL SABACATE 

* 

MANUFACTURED 

By 

DISTILLATION PRODUCTS 
(U. S. A.) 

SPENCER MICROSCOPE 
CENCO HIGHVACS 
BESLER EPIDIASCOPE 

COMPLETE WITH FILM STRIP ARRANGEMENTS 


Telephone 27309 
2 Lines 


Telegrams 

TBCHLAH 



The publicatione of the Indhm AMociatioa for the Cultivetton ol 

Science, «o,Bowbam Street, Calcutta, are availeble 

ctf them ® 


®«Wect A^uthor 


Methods in Scientific Research 

T]:c Origin of the Planets 

Separation of Isotopes 

Gbi aets and their Role iiJi Nature 

(i) The Royal Botanic Gardens, 
Kew. 


Sir E. J. Russell 
Sir James H. Jeans 
Prof* F. W. Aston 
Sir Eewis L. Fermor 
Sir Arthur Hill 


Price 

Rs. A. F, 
060 

060 

060 

3 B 0 

I 8 Cl 


(2) Studies in the Germ Ration 
of Seeds. 

Interatomic Forces 

The Educational Aims and Practices 
of the California- Institute of 
Technology. 

Active Nitiogen 

A New Theory. 

Tlieory of Valency and the Struc- 
ture of Chemical Compounds. 

Petroleum Resources of India 

'I he Role of the Electrical Double 
layer in the Electro Chemistry 
of Colloids. 


Prof. J. E. Eennard- Jones 
R. A. MUlikan 


Prof. S. K. Mitm 

Prof. P. Ray 

D. N. Wadia 
J. N. Mukherjee 


A discount of 35% is allowed to Booksellers and Agents. 


X 8 0 

0 6 c 

380 

S 0 0 

ii 8 0 

sna 0 


RATES OF ADVERTISEMENTS 


’ hire! page of cover 
do. 

^0' do. 

^ther pages 

do. 

are allowed to 


^5% Commisiions 
‘dvcrtiactnaita. 


■*• — Rs, 32, full page 

••• »• 20, half page 

— «■ 13 , quarter page 

•** It aSt full page 

*•* 11 16, half page 

M , ^«gl*crp8ge 

honafi 40 pubBclty agents securing ordierg 



CONTENTS 


Pagu 

20. Application of Stokes’ Uw to Estimate the Solvation of Ions in a Solution 

By—H. Mukherjee ••• ••• •" "• m 

21. Electrical Constants of Sand at Ultra High Frequencies— By S- K. Chatterjee 143 

22. The Raman Spectra of Trichloro^ethyleue and Tetrachloro-ethylene in the 

Solid State— By vS. B, Sanyal ... ■■■ ■■■ iSt 

23. Thermodynamics of an Oscillator Assembly-^By R. P. Singh ... .jj. 155 

24. Absorption of U H. F. Radio-waves in some Substituted Benzene compound$\ 

--ByS. N. Sen... ... ... - -4163 

25. A Comparative Study of the Different Methodes of Heat-run Tests on Electrical ' 

Machines. I. Single Phase Transformers— By H. K. Basu ... ... 171 


Printed by Stbendranath Kanjilal, Superintendent (Offg.), Cawutta Universitv 
Press, 48, Hazra Road, BawvYGunge, Calcutta and Published by the 
Registrar, Indian Association for the Culmvawon op Sciencej 
2jOfBowbamSimt^ Calcutta, 



[^24 INDIAN JOURNAL OF PHYSICS ^ 3 

( Published in collaboration With the Indian Physical Society ) 


AND 

PROCEEDINGS 

OF THE 


No. 5 


INDIAN ASSOCIATION FOR THE 
CULTIVATION OF SCIENCE 


MAY, 1950 


PUBLISHED BY THE 

[INDIAN ASSOCIATION FOR THE CULTIVATION OF SCIENCE 
210, Bowhazar Street, Calcutta 



BOARD OF EDITORS 


K. Banbrjbs 
D. M. Bosb 
S. N. Bosb 
D. S. Kothari 


S. K. Mitra 
P, Ray 
M. N. Saha 
S. C. SiRKAR. 

Secretary 


EDITORIAL COLLABORATORS 

Dr. R. K. Asdndi, M.A., Ph.D. 

Prof. H. J. Bhabha, Ph.D., F.R.S. 

Dr. P. K. Kichlu, D.Sc. 

Prof. K. S. Krishnan, D.Sc., F.R.S. 
Prof* G. P. Dubby, M.Sc. 

Dr. K. Rangadhama Rao, M.A., D.Sc. 
Dr. N. D. Sarwattey, D.Sc. 

Dr. N. N. Dasgupta, M.Sc., Ph D. 
Prof. N. R. Sen, D.Sc., F.N.I. 

Prof. P, C. Mahanti, DSc.,F.N. 1 . 
Prof. S. R. Palit, D Sc., 

Dr. H. Rakshit, D.Sc,, 

Prof. K. R. Dixit, Ph.D. 

Dr. Vikram a. Sarabiiai, M.A., Ph.D. 


NOTICE 

TO INTENDING AUTHORS 

Manuscripts for publication should 
sent to Mr. A. N, Banerjee, Ass 
Hditor, 210, Bowbazar Street, Calcutla. 

The manuscript of each paper shouij 
contain in the beginning a short ahstractl 
of the paper. 

All references to published papers shoulj 
be given in the text by quoting llie syi 
name of the authors followedj by the yeai 
of publicatiou within bracks, e^g., Sej 
(1942). The actual references should I* 
given in a list at the end of the 
according to the following specimen : 

Sen, B. K., 1942, Ind. /. Phys., 16 , 325,! 

The references should be arranged alp 
betically in the list. 

All diagrams should be drawn on tlii 
white paper in Indian ink, and letters ai 
numbers in the diagrams should be wri 
in pencil. 


AssisTAm- Editor 


Mr. a. M. Banerjbe, M.Sc. 


Annual Subscription — 

Inland Rb. 20 
Foreign £ ? 



26 


A NOTE ON WEYL’S INEQUALITY.* 

Bv V. S. NANDA 

(Received for publication, March 3, 1950) 

ABSTRACT. In this paper Weyl’s Inequality, is deduced from the commutation 
ulntioii satisfied by the co-ordinates and their conjugate momenta 

The present note gives an elementary proof of Weyl’s Inequality which 
is used by Thomas (1942) in his theory of contact tiansformations. His 
obicct IS to solve the problem of the anharmonic oscillator by the successive 
removal of terms from the Hamiltonian In practice, it is very difficult to 
deal with polynomials of the fourth or higher degree in a co-ordinate and its 
conjugate momentum. This is however, facilitated by the use of Weyl’s 
method (1927) which transforms the non-commutative algebra of operators 
to the ordinary one. In the actual application of the above procedure to the 
solution of quantum mechanical problems, WeyTs Inequality is a result of 
fundamental impoitance. It is vShowu here how this relation can be obtained 
from the commutation relation satisfied by a co-ordinate q and its conjugate 
momentum p instead of having recourse to group theory. 

WeyTs Inequality is expressed by the relation, 

cup+ffq^^ap (>0g I ^ c^P Jjj 

or by its corollary, 

cap+Hq c^p-\‘Sq = c(^-{-y)p -h 78 + 2^7) 

= ... (3) 

where a, 7 and 8 aie ordinary numbers while q, p satisfy the commutation 
1 elation, 

qp-pq = t 1 i ... (3) 

vStartiug from this basic relation we shall first establish the second part 
of (2). The following relations can be easily deduced from (3) : 

e^qp-pcfiq — ihpeN ... (4a) 

qe^P - e'^P q = iho^e^P ... (46) 

qfiap+fiq — Qup+^q q — ... (4c) 

eap-\-$qp- eap+Pqpz=i%pe«-p-i~^q. ... (4^) 

It is easily noticed that the relations (4a) and (4b) are dissimalar in the 
respect that roles of p and q have been interchanged. This also holds for 


Comniumcafed by Dr. F. C. Auluck. 
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i/^c) and (/|d'. We shall prove the first and the third of these relations, 
An indei)endent proof for the other two is unnecessary as these can be 
established in a similar manner. 

We multiply both sides of the relation 

by ifiqh) on the right. We get 
Pi^q)^l 2 J) 

= t-mM 
2 ! 


Similarly, nuiltiplying now by Wcj/:^) on the right, 


w' p-j}ip (^r 

s' 2 ! 


We assume the result for the index m, that is, we lake 


P - 


M“ = <£ 9 >” p-m^M 


(m-i)! 


Multiplying on the right with i^q) I im + i), we get 

iw + i)! (wi-i)! (m~i) !(m + i)! 


<5) 


fin -hi)! 


VI ! 


which is the same us (5) if iii is changed into (in + i). Hencj by induction 
it follows that equation (5) holds for all positive integral values of m- Taking 
the sum from zero to infinity for equation (6), we at once get, 
pe^Q == e^^p “ 

and pc~^q~ €~^qp + i 1 iftc~^q. 


Relation (4c) will now be proved on the same lines. Since 
q{ap + (3q) = (a/i + + io(h 

we have 


{(Kp + fSq)^ 


= j + /5q) *■ 


we assume the relation 


- (a/> + /39)"‘ _ iap + Pqr , + 

^ m! ■ «i! 9+’°'" (m-i)r 


f6) 


and multiply wi^h 



on the right. 


We obtain 
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im+ - 1) ! 


+ _ {^p + pqyu ( 

(m+lTr ‘~ y^p + 0q)q + ,o}i 

(wH-T)! j;, j 

This is of the same form as (6) except that (m+ 1) now replaces m. Thus 

by iuduclion (6) holds for all positive integral values of m including rero 
Taking the sum for all these values, we get 

qe^^P +$q — ea/>+j9gg + {aficap +^ij^ 

which is (4c). 

To prove Weyl's Inequality, we write (4^1) in the form 
e^9(a/)) = («/j + ilio(^)eN, 

and therefore 

cM(apyi2 \--[i(xp-i-ifia/3)c0<iy{(xp )/ 2 ! 

= -f {(kP + i%Q(./3y 1 2 I yefiq. 

Assuming as before the relation 

e%((xy;)«7m ! = (of/> + ifecx/i)”‘cJ 0 (?/m ( 7 ) 

We multiply on the right by «/)/(m + 1), and get, 


effq 

(«/ + !)» w' 




(«/>)_ 
(m + 1) 


" TTuTTn- 

Thus by induction (7) holds for all in. Suiiiiiiing up for all powers from o to 
a uc have. 

e^q ea/' = c®y^ p$q fn\ 

or ' 

e0q e^Pe~^^^^i^ = c'^Pe^q 

which proves the seeond part of (r). Replacing a by (-«) and /3 by (-/8), 
we can write the above relation in the form 

e-a/>=g-ayj + tfeay? 

Now if we start with f^^c) we can derive the following relations by the 
same procedure as followed so far : 

etip-\-&q e-ay» = e~ e'^^P+Pq) ... (lo) 

= e(a/)+/9(7^ (,j) 

Multiplying on the left of (lo) with we get, 
e^P-^^q e-^P = e-fiq c-^P e'^P-^^q 
= c“^P c“/'+^4 e~^q 

and therefore 

A = e^^q e“/’+^q' e**®/’ E = e'~°‘P e^P+Pq c~^q 
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where the nature of A is to be determined. If it can be shown that ^ is d 
pure number and equal to unity, Weyl’s relation will be fully established. 
From the equtiou (12) we get 

c^p+M e^^^Ppy 

= -ic-»‘I ip + ihfi) c“/-+/39 c-^py 

+ in^e-^Q e’^P+f^Q £'«/»} 

— pc~f^^l c~°‘P from (5a) 


= M. 

This shows that p commutes with A. Similarly it can be shown that y 
commutes with A . Therefore A must be a pure number, and evidently a 
real number because it is equal to its complex conjugate. Replacing 
by ( + ») and {-13} by {ft), equation (12) can be wu'itteu as 1 

C0q c-(<^P+fiq\ + =A 

Multiplying this with the second part of (12), we get 

/l^ = i. ■ - 

Thciefore, 

A= ±1. 

The negative value of A is obviously untenable as it does not hold for the 
case a—ft^=() 

In order to verify the corollary uc have merely to make use Of (j) in 


cap*»q cyp+^ = ic''p cfl9 evp e“'M/2 > ^ 

= { (.(fl+ 5 )g l,^p } + 7^)/2 

= c(«+T)/> cifl 4 «)9 + vS + 2Py) 1 2 


Combining the exponentials by the help of equation (1) we get 

+ 2fty)l2 

= f.{a^-j)p+{^+z)q c^{fty-'^-^)h 
which proves the corollary. 
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MULTIPLE! SEPARATION FACTORS AND r-SUM RULE 

By S. SKNGUPTA 

(Received foi publication, January, £, jgso.) 

ABSTRACT: Weak field F-sum rule has been used to give a gene: al proof of the 
iiiveisiou of X-ray doublets and to calculate the niuUiplet separation factors in a simple way. 

Goudsmit (1928) calculated the niultiplet separation factors for equivalent 
electron configurations with the help of strong fieid r.sum rule and 
r-permanciice rule. He applied the same method to prove the inversion of 
the X-iay doublets. Recently Rao (1948) has followed the same method to 
calculate the sepaiation factors in f configuration. In all these cases the 
calculations involve, preparation of big tables for the allowed values of m i 
and of the individual electrons, consistent with Pauli’s exclusion principle, 
and then to calculate the individual y-valucs of the electrons and their sums 
for the same value of M. The calculations are necessarily cumbersome. 

Striking simplification can, however, be made if instead of using strong 
field T-sum lule and r-permaneucc rule, we use weak field r.sum rule and 
I^aiide interval rule, The weak field T-sum rule states that the sum of the 
I'-valnciS for terms of the same /-value, arising out of any configuration is 
independent of coupling. Since in /;-coupJing the I’-values of the terms 
depend 011 the y-values of single electrons (which are of course well known), 
the r-suins in this case can be easily determined. From the weak field 
r-sum rule we know that these sums will be true even in the L5-coupling* 
Tlien the niultiplet separation factors can be easily calculated since the term 
intervals satisfy Landc interval rule. In all these .calculations it will be 
necessary to know the kind of terms arising out of any equivalent electron 
configuration in the jj-coupling. These have been calculated by Pauling and 
Goudsmit (1930). However, they give terms only for p and d electrons. 
In the following table we give the resultant /-values allojwed by exclusion 
principle, for different numbers of electrons having identical quantum 
nuinbers n, I and j. From these the allowed terms for any equivalent electron 
configuration in the yj-coupling can be easily calculated. 

If we want to calculate the allowed stales for say d'' configuration, then 
we proceed as follows. In this case individual j values of the electrons are 
Jj = 5/2 and ia = 3/2. If all the three electrons have their /= 5/2, then from 
the table we get the resultant /=9/3, 5/2, 3/2. This we represent by writing 
(3ji)o/2,i;y2, i\j2 . , If two electrons have j—sh and ^one 7=3/2 then the resultant 
are obtained by adding each of the angular momenta 4, 2, 0 (which are 
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the allowed resultant J for two 5/2 electrons) with 3/2 and taking all possible 
values resulting from the addition. This wc represent by writing 
(3jjj2)(4,2,o)(3/2). Proceeding in this way we get all the states which are, 

(3J 1)0/2 , c/ 2,3/2 ; (2yij2)(4, 2. 0)(3/2) ; (j i2j 2 )( 6 l‘ 2 )( 2 , O) (33i)m 

We shall illustrate the calculation of the separation factors by calculating 
the same for f configuration. But before that we shall consider the inversion 


of the X-ray doublets. 

Tablk I 


Fvalue of the individual 

Number of the 

Allowed values of the 

electronb. 

electrons. 

resultant /. 

1/2 

I 

1/3 


2 

0 

3/2 

I or 3 

3/2 i 


2 

2, 0 1 


4 

\ 

5/2 

1 or 5 

5/2 ; 


2 or 4 

4, 2, 0 


3 

9/2, 5 / 2 , 3/2 


6 

0 

7/2 

I or 7 

7/2 


2 01 6 

6, 4, 2 0 


3 or s 

15/2, I1/2, 9/2, 7/2, S/2, ili 


A 

8 , 6, 5, 4, 4, 2, 2 0 


8 

0 


Inversion of X-ray doublets. 

Following Goudsmit’s method, Compton and Allison (1935) showed the 
inverson of the X-ray doublets for the special case of p'‘ configuration. In 
the following with the help of weak field r-sum rule, we give a very general 
proof which is applicable for any value of /. 

For the nl shell the maximum number of electrons is 4^ + 2 (from Pauli’s 
principle). Let us consider the configuration. The allowed terms 

in the LS-coupling are and . The allowed terms in the jj-coupling 
are to be calculated. The j values of the individual electrons are ji = l + l 
and = The maximum number of electrons that can have their j=ii 

is 2ji + 1 = 2/ + 3 . The maximum number of electrons with j = ja is aja + 1 “ 2!. 
Thus for n ^ configuration, the allowed terms are 

Now, for ji electrons the 7-value is 1 and for jt electrons it is - (/ + i)^L If 

2 2 

r,. and r_ be the F-values of ^Ii+^ and terms in the c'onfiguratiou 

then from the T-sum rule we get, 

e (a! + i)l^ - 2l(i + j)h=-ih 
2 2 2 

r.= (al + 2)1 h - (2I-1) (I + 1)^= (/, + i)^J. 

2 2 2 
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The corresponding F-valucs for doublets in the w/-configuration are 

I\=|handr-=-a + i) 

2 2 

This shows that the X-ray doublets are inverted. 


Scparalion fadors for ihe muHipleis In ike f-configwaiion. 

Ill this case the terms in the L.S-coupling are ^PFH ^SDGL The corres- 
ponding terms in the jj-coupling can be easily determined with the help of 
the table given before. These are, 

( 2 J]) 6 , 4, 2 , o (/] 32 )( 7 / 2 )( 5 / 2 ) 2 . o (l) 

where 71 = 7/ 2 and 72 = 5/2. The corresponding y- values are 3 and -ab 

respectively. Let fli, fla and ^3 be the separation factors for the and 

multiplets. Then from Landc interval rule, the T-values of the terms 
arc, 

''P2=0i ''Pi=-fli =’/’o=-2ai 

''’Fi = 3^2 ■'■P'.l ^^2 =- 4^2 ( 2 ) 

'Ho = Sda 'H- = -fla ‘FJj = -6fl3 

For the singlets evidently the F’s are all zero. Comparing (2) with (i) 
and remembering T-sum rule, we get, 

5a, = 2.2b + |b-2b = ib 

-6a3 + 3ao= z.^b + ^b — 2b-4b = -§b (3) 

a, = 2 §b + 2b-2b-4b = — |b 

Solving the above we get at once ai = (T2 = a3“ib. Ihe same has recently been 
calculated by Rao (1948), by Goudsmit's method. Comparison will show the 
simplicity of the method w'e have used here. 

It is evident from the above that the F-siim rule provides us with a 
number of equations (each for a particular value of /), connecting the sepaia- 
hon factors of the multiplets. If the number of these equations is equal to 
or greater than the number of separation factors then only can the unknown 
factors be delerniiiied. The same limitation is also true for Goudsmit s 
method. It is foi this reason that the above methods are not applicable in 
the case of or /* configurations. Rao, however, observes that Goudsmit s 
method can be extended to the above cases. But it may be easily shown that 
tlii.s is not possible. 
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ON THE RAMAN SPECTRA AND HEAT CAPACITY OF 
BENZENE AT LOW TEMPERATURES 

By vS. C. SIRKAR and A K. RAY 

{Received for publication, March ig^o) 

Plalc VI 

abstract The Rainati spectra of solid benzene at -jo"C, -loo'C and “i8o*C 
li[iv< been investigated At —i8o“C five new- lines have been observed in the Icnv frequency 
icgion at 47, 53, 78, 95 and 13 v cm respectively It is observed that the bnes 44, 60 and 
j.Ki mi ^ appearing at “To"C become more intense and shift to 53, 78 and 134 ciii'^ respec- 
ti\c1v at -iSo“C and two more new lines appea at the latter temperature The values of C,. 
calcnlaled on the assumption that throe fiequencies, 58, qo and 135 cm'^ contribute to the 
IJiiistcin function at low temperatures betweei 4 “K and 70‘K arc found to ai^ree fairly 
\\(']1 wilh the observed values It is pointed out that if the line 35 cin'^ observed at about 
o°C IS taken to be that due to complete rotation of the molecule about an axis perpendicular 
In ils plane, as has been done by llousset (394 <j), the calculated values of C, become many 
tllllL^ Inj'liei than valm s observed for temperalures between .{“K and It is concluded 

tlait at low temperatures virtual bonds are foiined lietween adjacent molecules and oscilla- 
tions 111 tlic^’e ginups produce the new Raman lines in the iov\ frequenev region 

I N T R 0 1 ) P C T I O N 

'The Raman spectrum of benzene in the solid state was first studied by 
Gloss and Vuks (1935) who discovered two new lines at 63 cin"^ and 108 
cm“* respectively. It was later lepoitcd by one of the authors (Sirkar, 1936) 
tliLil at a tcMiiperaturo of ^ 180*^0 benzene in the solid state yielded three new 
lines having frequency shifts 81 enr', yS cm“^ and 124 cm"^ respectively, 
instead of the two lines mentioned above. Sirkar and Gupta (1938) also 
eiilniiated the specific heat of solid benzene at low temperatures along with 
llial for a few other compounds and showed that the values of Cp calculated 
hy taking into account ICinstein functions corresponding to the new lines 
ni the low-frequency region, besides the Debye function, agree with the 
observed values. Kastlcr and Fruhling (1944) recently studied the Raman 
siiectrum of a single crystal of benzene at a lempeiature just below its 
heezing point and also studied the polaiisatiou of the new lines in the low 
frequency region. They observed four new lines at 35 cm“* 

and 100 enr^ and found that the line 350111“^ is totally polarised - 
Jhey concluded from these results that ihe lines 55 cur', 65 cm”' were due 
^0 lotational oscillations of the benzene molecule, pivoted in the crystal 
ItiUicv, about the b-axis and the line loo cm~' was probably due to similar 
oscillation of the molecule about an axis perpendicular to b-axis. Rousset 
— ^738P-5 
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(1944) next calculated the specific heat of solid benzene at low temperatures 
taking into account the Einstein functions corresponding to these lines and 
taking the line 35 cm~' to be due to complete rotation of the molecule about 
an axis perpendicular to its plane. He, however, overlooked the fact 
reported by Sirkar (1936) that the frequency-shifts of the new lines in the low 
frequency region observed in the case of solid benzene increase with the 
lowering of temperature. 

As regards the hypothesis put forward to explain the origin of these 
lines by Kastler and Rousset {1941) and also independently by Bhagvantani 
(1941) it has been pointed out earlier by one of the authors (Ray, 1950) 
that it can be tested only by studying the changes which the new lines 
undergo in intensity and position with the lowering of temperature of tlie 
crystal. Further, in any attempt to calculate the specific heat of tlie 
crystal at very low tempeiatures the accurate values of the frequence of the 
new lines at these temperatures should be used. It has already pointed oni 
that in the line at 35 cm"^ was not observed by Sirkar (1936) in the tase ot 
benzene in the solid state at -180 ’’Gaud this may be due to photographic 
spreading of the over-exposed Rayleigh line, as indicated by the inicropho- 
tornetric recoids leproduced by him. Thus accurate data regarding the 
frequency-shifts of all these new lines which may be obseived in the case ot 
solid benzene at very low teinperatuies were not known. It was, therefore, 
thought worthwhile to reinvestigate the Raman spectra of solid benzene at 
different temperatures going dowm up to about - iSo^’C, using an improved 
technique, and to discuss the bearing of the results on th'e theories which 
have been put forw'ard by previous workers to exi>lain the origin of the new 
lines and also on the specific heat of solid benzene at low temperatures. 

EXPERIMENTAL 

Benzene used in the present investigation was obtained from U. vS A 
and was of pure quality. It was distilled in vacuum before use. The 
arrangement used for studying the Raman spectra of solid benzene at 
different temperatures is the same as that described by Majumdar, (1949) 
Care was taken to solidify the liquid slowly in order to obtain a homogeneous 
ma5S so that the proportion of stray light due to diffuse reflection from the 
volume of the crystal w^as very small. The Fuess spectrograph used in the 
present investigation is more suitable than that used by one of the authors 
earlier (vSirkar, 1936), because it has a dispersion of about 10.8 A/iniii and 
ihe line 4046 X is free from coma on the Stokes side, while in the ease 
of the spectrograph used earlier the dispersion was slightly smaller. TJit' 
Raman spectrum of solid benzene was photographed at three different 
temperatures, e. g., — io°C, — ioo“C and — i8o°C. These temperatures 
were produced in the region in which the sealed Pyrex tube containing the 
liquid was placed inside a transparent Dewar vessel by adjusting the level 
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of the liqiiifi oxygen in this vessel. Iron aic spectrum was photographed 
111 each spectrogram as comparison. 

R K vS U Iv T vS AND DISCUSSION 

The spectrograms are reproduced in Plate VI along with that for liquid 
benzene for comparison. As only the prominent lines axjpeared in the 
spectrograms due to solid benzene, no attempt was made to record the 
faint lines due to the liquid. The frequency-shifts of the prominen'L lines 
aio given in Table I. 


Table I 
Benzene 


T.kjukI al 3o”C 

A»' in cm 0 

Solid at — ro"C 

A*' in cnT^ 

Solid at — ioo”C 

Ai in cm“’ 

Solid at — rSo'C 

A*/ in 

Continuous wing 



47 ti) ‘ f, k. 

ixtcnding up to 

44 fi) , c, k 

48 (2) e, k 

53 (2) fi 

7 1('> cm"* 

60 (lb) , e, k 

60 (6) r, k 

78 (5) ■ 




95 fi‘ 


TOO \tbt , e, k 

116 (b) e, k 

134 ht) : C, k 

hn; (3) , f: 

bo3 (t) , r, It 

603 11) e, k 

603 (1); c, k 

iS \i} fid) j r, k. 

850 (2^ \ e, k 

852 (2) r, k 

855 (2). c,k 

092 (10) , c, i, k 

ggo 10) , c, i, k 

ggo (.5I c, i, k 

989 (lo'l e, 1, k. 

infi '3d) , c, k 

1174 t3) . c, fi 

1174 (4) . f, k 

1T74 (41 ’ e, k. 

LS86 (3) , c, k 

Ls83 (3) , e, k 

1582 (2) e, k 

1581 (3) ' e, k 

iM (2) , c, 1: 

1604 (21 , r, k 

1603 (1) e, h. 

1602 (2) e, k. 

V’JO (3I , r, t, k 

3049 <3) ; c, i, k 

3042 (2) • f, f, k. 

3042 (a) ■ c, i, k 



3046 (2) . c, /, 

3046 (2) . e, i, k 

(s) , c, i, k 

3063 (5) ; c i,k 

3063 (5) 

3of>3 fSf f*. L fi- 


It can be seen from Table 1 that the remarkable change which takes 
I'lace in the Raman spectrum of benzene with the solidification of the liquid 
the appearance of the new lines in the low frequency legioii. At a 
tciiii)C‘rature of about - lo'^C the crystal yields three new lines at 44, 60 and 
iot> enr^ rcspe:tively. 'I'his fact seems to be in agreement with that 
observed by Kastler and Fruhling (194/1) ; if it is assumed that the line at 
ho cur* consists of a close doublet, and the line at 35 cm"^ observed by them, 
presumably at about o*’C, shifts to about 44 cm"* at — io"C. When the 
‘Crystal is cooled down to — 100*^0 the three lines shift respectively to 48, 
^9 and n6 cn^^ On further cooling the crystal up to - i8o°C, the lines 
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at 48, 68, nnd 116 cm"' shift 10 53, 78 and 134 cm”^ respectively and two 
more faint lines appear at 47 cin"^ and 95 cm“' respectively. The intensity 
of the hues 48, 68 and n6 cm"’ relative to that of the line 990 cm“^ increases 
considerably and these lines become sharper, with the lowering of the 
temperature 

As rcgaids the prominent Raman lines due to intramolecular oscillations 
of the benzene molecule, it is observed from Plate VI that all the lines become 
extremely shaip as the liquid is solidified and the line 3049 cm"’ due to 
C'H valence oscillation, which is broad at the room temperature, splits iq) 
into two sharp components separated by only about 4 cm“' from each other 
in the solid state at — ioo°C The line 992 cm"’ shifts to 989 cm"’ when 
the liquid is solidified and cooled to — i8o'’C. Similarly the frequency, 
shift of the line 607 cm"’ diminishes a little at the low temperature. On the 
other hand, the frequency shift of the line 849 cm"’ increases at lovv tern 
peratures to 855 cm"'. • 

The changes in position, number and intensity of the new lines ii^i the 
low frequency re cion observeel in the present investigation can hardly be 
explained by the theoiy put forward by Bhagavantam (1941) and Kastler 
and Rousset (1941). According to Bhagavantam the intramolecular vibration 
of the molecule as well as the angular oscillations of ihose molecules in the 
lattice may be of two types, symmetric and antisymmetric to the symincliy 
elements of the unit cell, 'i'he intensity of the Raman lines are assumed 
in this theory to be due to the change in the polaiisability of ^the unit cell 
during the oscillation of the molecules in it. The benzene crystal belongs 
to an orthorhombic system in which the unit cell is pscudo-face-ceutrctl 
containing foui molecules. The space group has been found by Cox (1932) 
to be V If such a unit cell would execute a mode of oscillation in whieli 
the phases of all the four molecules were cither the same or so adjusted as 
to make the oscillations antisymmetric to the symmetry elements of the 
unit cell, the frequencies of these two modes would be slightly different fioin 
each other. Thus each of the lines due to internal vibration of the benzene 
molecule w^ould be split up inlo two components. No such splitting I'l 
actually observed, and on the contrary each of the lines becomes very shaip 
when this liquid is solidified, riie hue 3049 cm"’ is originally broad con- 
sisting probably of an unresolved doublet, and as each of the componeiils 
becomes sharper in the solid state it is resolved from its companion. Thus 
this is not the splitting up of a single line into two componeiils Hence the 
shaipness of tlie lines due to benzene in the solid state clearly shows that 
the scattering does nut lake place according to the theoiy put forward by 
Bhagavantam (1941) and that it is due to individual molecules. Also tlicie 
arc certain fallacies in the arguments in this theory mentioned above FirsI, 
it is assumed that the unit cell acts as a large molecule and when one of 
the four benzene molecules executes any particular mode of internal 
oscillation, for instance, the breathing vibration, all the remaining three 
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molecules also execute ihe same mode of oscillaiiou in only two distinct 
phases mentioned earlier. In fact, there is no reason to suppose that the 
remaining three molecules will execute the same mode of oscillation as the 
first one, and even if they do so, the relative phases may have any values. 
Hence the chance of having two distinct types of oscillation of the unit cell, 

111 one of which the breathing vibrations of the molecules are all in phase and 
ill the other the phases in the two molecules are opposite to those in ,the 
other two, is very small in comparison with that for the occurrence of this 
breathing vibration in any one of the four molecules independently. Thus 
the intensity of the scattering due to individual molecules is expected to 
be Irenieudously large in comparison with that due to the group of four 
molecules in this particular case. The extreme sharpness of all the promi- 
nent Raman lines of benzene in the solid state shows that the scattering is 
actually due to individual molecules. This question of probability of the 
occurrence of the definite phase relations in the oscillations of the different 
molecules in the unit cell has been overlooked by Dhagavantam (1941). 
Secondly, scattering takes place through a single election belonging to a 
particular molecule in the group of the four molecules in the unit cell in 
this particular case. If the change in the polarisabihty of the single molecule 
during auy mode of vibration of the molecule determines the intensity of 
the corresponding line, the relative intensities of the Raman lines observed 
in the liquid are expected to remain unaltered in the solid stale. If on 
the other hand, the change in the polarisabilily of the unit cell w’ould 
(leteimine the intensity of the corresponding Raman line during a mode of 
vibiation of the four molecules in the unit cell, this change in polarisability 
would depend ou the relative phases of the vibiation of the four molecules 
and in that case the relative intensities of the prominent Raman lines would 
alter with the solidification of the substance. It can be seen from Plate VI 
that actually the relative intensities of the prominent Raman lines in the 
solid state are the same as those in the liquid state. Hence this fact also 
leads to the conclusion that in the crystal only scattering due to individual 
molecule is more predominant than that due to the group of four molecules 
ill the unit cell. The change in the interniolecular field which takes place 
with the solidification of the substance may, however, alter slightly the 
frequencies of the Raman lines due to internal vibrations of the molecule. 
The changes in the frequencies of the lines which are observed to take place 
when benzene is solidified, as sliow’u in Table 1 , are tirobably due to ibis 
increased effect of the iutermolccular field in the solid state. 

As regards the origin of new lines in the low frequency region 
lUiagavanlani (1941) and Kastler and Rousset (1941) suggest that these 
are due to angular oscillations of the molecules pivoted in the lattice. In 
the present case, Rousset (1944) has assumed the line 35 cm'* observed 

Kastler and Kruhling (1944) at about o°C to be due to complete 
lotatiou of the benzene molecule about an axis perpendicular to its plane, 
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because the ^ line is totally polarised. It has already been pointed 
cmt that this line shifts to 53 when the crystal is cooled down 

t6 '‘~i8o"C. This fact shows that the line cannot be due to complete 
rotation of the molecule, because according? to the theory of 
rotatioual spectrum of polyatomic molecules by Placzek and Teller (1933), the 
poSitidu of niaxiiiuim in the rotation spectrum would shift towards the centre 
of the ii-ayleigh line with the lowering of tempeiature. The distance of 
the maximum from the centre of the Rayleigh line is proportional to 
^/BkT, where = 1 being the moment of inertia of the benzene 

molecule The value of 1 cannot diminish at low teinperatnres so rapidly 
a^To keep the value of BT constant. Hence the frequency-shift of the line 
would be much smaller than 35 cm"’ at -iSo^C, had it been due to rotation 
of the molecule. Further, it is difficult to understand how' a sharp line 
can be produced by complete rotation of the molecule, because several 
quantised states of rotation are possible. Hence the origin of the \\ne 
is to be attributed to some other cause. As regards the origin of the other 
lines in the low frequency region Rousset (1944) has assumed that they are 
due to angular oscillations of the molecules about the tw'o axes of the Ciystal. 
If this assurnplion were correct, the amplitude and the frequency of the 
angular oscillation would diminish at low Icmperatures, because in the 
case of polar molecules in the liquid slate it has been observed by previous 
workers including Sen (i950fl) that the frequency corresponding to hindered 
rotation of the molecules diinmishes at low teinperatnres and iSen (1950b) 
has observed that the amplitude becomes almost zero when the liquid is frozen. 
Since actually both the intensity and the frequency-shift of the lines increase 
with the lowering of lenii)eratiu'e, the lines cannol be due to angular oscilla- 
tion as postulated by the authors mentioned avovc As pointed oul by Sirkai 
and Gupta (1938) the new lines may be due to formation of virtual bonds 
between adjacent molecules. 

The above arguments will indicate that the values of specil^c heat 
calculated on the assumption that the line 35 cm"' is due to complete 
rotational freedom of the berzeiie molecule about an axis perpendicular 
to its plane have very little sign ificauce. Rous.set (1944) actually made 
such an assumption in calculating the specific heal of benzene and has 
further included the coutribulioii from Kmstcin funclions due to two lines 
at 55 cm”^ and 100 cm”’ respectively even at such low temperatures as 
24°K and 36°K. It will be seen from Table 1 , however, that the frequency- 
shifts of the lines increase considerably even when the temperature is 
low’cred only to about 93 and they are expected to become still larger 
at 24° K. Further, two more lines appear at 47 cm"^ and 95 cm"^ 
respectively when the crystal is cooled to 93'’ K. These two lines have not 
been taken into consideration by Rousset (1944). These facts explain wdiy 
he had to assume a very high value of the Debye temperature, e.g., ii5o®K 
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for benzene which has a melting: point of only 278°. 5 K. On the other 
hand, Sirkar and Gupta (1938) assumed the Debye temperature of solid 
benzene to be as low as K and showed that if along with the Debye 

function Einstein functions due to the frequencies of the three lines 81 cm"' 
gS cm"' and 124 cm"' are taken into consideration, the calculated values of 
C agree closely with those observed throughout the range from 4°K to 
it was also shown that at higher temperatures similar agreement 
IS obtained if the internal oscillations of the molecules are taken into 

consideration. 

Since the number of lines is larger than three, the calculations made by 
'^rkar and Gupta (1938) are to be revised now. Actually it these lines 
aie taken as those due to oscillations of a pair of molecules in which virtual 
bonds have been formed each line will contribute only half of the lunstein 
function to the value of C<,, If the line 95 cm"', wdiicli is broad, is taken 
as a doublet, there are altogether six lines and only three frequencies are 
to be taken for calculating the coutnbui ions of the Einstein functions. The 
mean values of the frequencies of these three lines are expected to be about 
58 cm"' 90 cm"' and 135 cm"' respectively m the temperature range from 
to about 70“!^. The corresponding values of (^2 and in the function 
FAO^jT] are 83^.3, I2q^3 and 194” respectively. The values of 
and 3 K.D (^'/T) with O' equal to i3i“.5 K are given in Table 11. The 
values of C^, observed by Ahlbeig, Blanchard and Eandberg (1937) are 
given in the last column of the table, it will be observed that for tempera- 
tures ao^K, so^K and 4o°K the calculated values of are slightly greater 
than those of C',; actually observed, but for the other temperatures the 
calculated values of C\ are slightly less than the observed values of C,,, as 
expected from theoretical point of view. Probably the frequency of the 
vibration corresponding to the line 53 becomes a little larger than 

5S cm"' even at 4o"K and if it is assumed that the frequency becomes 
about 64 cm"' at ao°K the slight discrepancy observed at 2o“K, so^K and 
40°K disappears. At tempcratuies lower than io“K the contribution due to 
Uiislineis so small in comparison with that due to the Debye function 
that the calculated values of C,. are not altered if the lowest frequency is 
lULieased to about 64 cm"'. vSimilarly, at tempcralurea above 6o“K the 
value of the frequency is probably slightly less than 38 cm"', because it 
rliminishes to 53 cm"' at 93® K. 

Rousset (1944) has stated that the values of C„ of solid benzene 
calculated on the assumption that there is complete rotation of the molecule 
about an’axis perpendicular to its plane even up to as low a temperature as 
0 agree with observed values. He has, however, overlooked the data 
published by Alilberg. Blanchard and Eandbcrg (1937) according to whom 
the values of Cp below 8“K are less than 0.14 cal/mol./degree. This fact 
completely disproves the hypothesis put foiward by Rousset. that the line 
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Tabuc n 


'J' 

3 RD( 07 T) 

R S K ( 0 ../T) 

C„ Calc, 

C,, (obs.) 

■1 

017 

00 

.017 

0195 

8 

132 

007 

.140 

0.147 

10 

0 26 

033 

.29 

0 346 

20 

1-54 

.635 

2.18 

I 84 

30 

2 g6 

1.72 

4 68 

4.24 

40 

3 91 

2 64 

6.5S 

6.47 

50 

51 

3 4 *^' 

7 91 

8.14 

6u 

4 

3 95 

S.S5 

9 32 \ 

70 

3 14 

1 36 

9 5 ^’ 

10 15 J 


34 cm“^ obsei vcd by Kastler and Friihliiig (1944) is due to complete rotation 
of the molecule. If on the other hand it is assumed that the rotation stops 
suddenly at a temperature between and 2o°K the contribution of the 

Debye function with such a high value of <?,« as 1150“ assumed by him 
would be too small to account for the observed values ot Cp. 

The facts mentioned above thus confirm the view expressed by Sirkar 
and Gupta (1938) that Einstein functions coiresponding to the new Raman 
lines in the low frequency region observed in the solid state can explain 
satisfactorily the observed specific heats of benzene at low" temperatures, 
and therefore, the facts lead to the conclusion that these lines aie due to 
vibrations in a pair of molecules connected together by virtual bonds 
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FADING OF SHORT WIRELESS WAVES DUE TO THE 
INTERFERENCE BETWEEN THE MAGNETO-IONIC 
COMPONENTS 

Uv S N. MITRA 

(RfvriTicrf (ot publication, Fi’bnia)y jO, 19^0 
Platus VIIA and B 

ABSTRACT. The vnn'nu.s umses uf /nding of a dowiiroming wireless wave from the 
i,)iii 'ifiliere are briefly' di.sciij'scd, It is poinfcd out Hint tlic period c fading of a single dowri- 
iniiune \\ a\ e ah often uhsei vcd ma5 be due to the iiiLcrfcicnoe bet\\eeti the two overlapping 
inagni lo’ionii cuinpuiunts \\luii the dilleuiice between then ennivnlent heights ot rellectinii 
is ( h'liigiiiii at a imifonii inte The design of a polarised aerial sv-teiii accepting only one 
I'l (In tonipoiients is them described By the use of .such an aerial system and vvHh pulsed 
liaie inn.sif'n one can -tiuly the fading of a single magncto-i niie component. The effect 
('ll fr'eliiig due to scatleniig Ironi the ionospheric iiiegulantic.':, having either a random 
iiiotuiD or n steady diitt witli tlie existing wind velocity 111 the Inii.spherc, is nlso discussed 
I'r( \ uius ( xpei iim ntal evidence plums that win 11 random motion i.s piedomiiiant, the fading 
IS I lal 1 . 111(1 iiregiilai and that due to a .sle.uly drift it is (lua^i-pcriodR in natnie In oider 
tu (t an uiiamliigunuh measure" t lit rf Ua iiiolioii of the ionosphei ic irr.'gnlaritiea from 
the I'lding luincs proclneed .it a H -iiver, and spcciallv at higher wave-frequencies there 
H)iii'S[)li( 1 1C absorption is low, .1 p ilaiiscd aeiial system is coiisideied essential. 

T N r K 0 D U C' T r O N 

'I'liiit the iulensity of down coin mg wircdess sigiinls reflected from the 
ionosjiliorc varies with time is known for a long lime. This phenomenon 
IS biiLfly known as "frdiiig” A Uiigc amount ol work has already been done 
nil the subject but till now the cau.se of the fading has not been fully 
niideiTtood. The object of this jiapcr is to describe one particular tyjic of 
fading which may be assigned to a definite cause 

Uatclifle and Paw.sey {1933) and Pawsey (1Q35) have di.scusscd the 
ims.Mble caiLses of the intensity vaiiatioii of the downcoming aves. These 
Juivu been bioadly divided into absorjition effects and interference effects. 
^Vltluingh absorption is an important factor in ex’plaiinng the difference 
hchv(.(;:i] the over-all night-lime and day-time intensities, ith effect w'ould 
i-'ut, Hilly be small on short-pciiod intensity fluctuations. Moreover, the 
fading curves (the curve of amplitude fluctuations of the w'ave with time) at 
bwMKljacent Avavc-frequeiicies as recorded simultaneously on two receivers 
the same place w'eie found to be independent of each other which showed 
hint the absoiption effect could be excluded from the possible causes of 
iadiiig It bas, therefore, been suggested that the possible causes of fading 
iiiay lie due to the followu’ng interference effects : 

3'-J73«P-5 
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(1) Iiilerfercnre ])et\vccii ground and skywaves when the receiver is 
close to the transmitter. 

(2) Intel fereiice between multiple-reflected waves from one or more 
ionospheric layeis. 

(3) Interference between the wave reflected from different layers (the 
so-salled iM leflection) 

(.1) Interference lictucen the ordinary and the exatraordinary waves 
caused by the piesencc ol the eai Ill’s magnetic held 

(5) Interfei eiice I)etvvecii the waves scattered from the local it regularities 
in the ionos]iherc. 

In all the cases, the time-variation of the intensity at the ground is 
assumed to be due to the characteristics of the downcoming weaves (the 
amplitude and path) varying with time i 

The lesultant intensity of the dovvncoining wave may, therefore, dciiend 
upon many factors. It is, however, possible to eliminate some of the causes 
in the following way. The first three causes can be eliminated by ii.sing 
short duration pulses as a means of exploring the ionospheie In that ca.se, the 
ground wave, if any, and the difl’ereiil skyw^aves could be observed separate- 
ly on tlie cathode lay time-liase since all these are separated in time due lo 
their different ])ath-lengths. Now the effect of the interference bctw’een tlie 
magncLo-ionic components may cxkst so long as the echo exfiibits itself as a 
single one and not as a split pair. The effect of the last ca.se, however, i.s 
often found m the cxiieruneiit since the ionosphere presents considerable 
nitmbei of iircgulai ities in a hoiizontal plane In the present paper we shal* 
describe the effects of the interference between the inagiieto-ionic coinponenl.s 
and in what way this fading curve differs from that due to the interference 
lietvvecn the waves scattered from the local ii regularities 111 the ionospheie. 

Keccntly, Uanerjee and Singh (1949) have obseived periodic fading cutves 
which they attribute to the iulerfereuce between the magneto-ionic eom- 
poiients According to Khaslgir (1949), however, the periodic fading curves 
observed by Banerjee and vSiiigh during early morning or evening hours may 
be due to tlic beats luoduccd belw’ceii the Doppler frequency-shifts 011 the 
waves lefleclcd simuUaueously from the moving K and V layers, or, belw'ecn 
tlie single and doulde reflections fi'oin the same moving layer. 

r II K 0 R K T I C A b CONST D E R A T I O N vS 

It is knowui that a wave reflected from the ionosphere apparently as a 
single echo is often in fact composed of two overlapping magneto-ionic com- 
ponents with opposite senses of polarisation (Kruger and Plcndl, 

These two magneto-ionic components combine at the ground to give m 
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-Liieral, a resultant wave of elliptic polarisation and if the two coinpoueiils 
equal in amplitude, the wave degenerates into a straight hue. If the 
pliasc dififereiice between the two components now alters due to a change ju 
the difference between their equivalent paths, the ellipse on the ground will 
lutate. If the resultant wave is now received on a loop or a horizontal wire 

;,ciial the recorded e.m.f. will be fluctuated periodically, being a maxim uin 
wJien the major axis of the ellipse lies in the reception place of the aciial. 
We shall consider here the simple case in which the two components aic 
ciicularly polarised. 

'ihe two oppositely circularly pohuised components can lie exp)e.ssud by 
the following simple equations : — 

Hjo = Ho cos Mi j 

I foi the ordinary wave, 

H sill Mi 

Hx, —H„ cos (<•>/ f) 

and, tor the extraordinary u ave. 

Hue=f1o faiu (<'>M 0) 

where 71 If,, arc the magnetic fields of the ordiuaiy wave along the a 
and .V axes (s axis being along the vertical direction) ; Hxo 77,,,. those for 
the extraordinary wave ; (j> is the phaisc difference introduced betvtccn the 
two uaves because of their difl'creut velocities of travel ; 0 may be consideicd 
in terms of an equivalent path diflfcreucc between the two waves. The 
mterfercnce between these two systems of waves v\ill pioducc a wave in space 
whose components along the a- and y-axes are given by the following 
exjii essions : 


along A-, 2II0 cos (wt + ^/g) cos 0/:* 
along y, 2U0 cos (wf + 0/2j siii 0/2. 

Suppose a loop is placed with its horizontal side coinciding with the 
l axis, then llie e.m.f. induced in the loop will be proportional to cosine 0/2. 

2 ” 

Now 0 can be put equal to t .2<i w'hcrc d is the dift’eieuce between the 
cflcctive heights of reflection for the ordinal y and the extraordinary ivavcs 
and A is the wave-length of the radio wave. As the phase difference increases 
uiiifuirnly with lime due to the levels of rcricclions for the two inagucto- 
ionic components sepaiating at a uniform rate, 0 will change from o to 4/177 
loi d changing from o to iiA. This would, thciefore, produce a sinusoidal 
variation of the signal in the loop and the output from the receiver would 
aKo vary periodically representing the amplitude variation of the dow ucomiug 
^^avc as lime goes on. 

Now, it another similai loop aeiial is used at light angles to the above- 
^nenlioijcd one, its lesponse would be propoi tioaal to sin 0/2. If, therefore, 
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during a iiiagiielo-ionic-mteifciciice fading, two identical receive] s are used 
which are connected to tlie two loop aerials with their planes at light angles 
to each othfci , the fading cm VC at one receivei will be displaced by 90” with 
respect to the othei. In other words, the nuixiiuum ainjditude at one fading 
curve would con espond to the niiniiimiij of the other when the two fading 
curves are rccoided simultaneously. 

In general, when the veitical planes of the two loops arc iiicUned at any 
angle, the fading pattern for one loop will be shifted by a certain amouiil 
(depending on -his angle) with respect to llial of the otlici and the two fading 
curves will be similar 111 nature 

JC X r n K 1 j\l K, N T A b 1) !•: '1' A I b s 
(a) Magneto-ionic inlei fcicucc. 

A simple experiment was carried out iii order to test this hypothesis 
Short duration pulses of 200 micro-seconds at a frequency of 41110/5 \Aeri' 
received at vertical incidence by a receiver and the amplitude fluctuation ol 
the downcoiniug wave was recorded photographically in the following way 
The echo was displayed on a monitor oscilloscope time-base in the usual 
way. Electronic height-marks were ineoiporaled in the time base to note 
the height fioin which the echo was being reflected An eleetroiuc gate ui 
variable widtii and variable delay w'as used to .select the echo A photograph 
of the echo-pattern wdth the height-maiks and its selecliud by the gate is 
shown in Plate VIIA, (a). A jihotograpliic Cl\( ) lube was used, in the Y-plaie 
of which was connected the receiver output and tins Cr( ) tube was brilliancy 
modulated by the electronic gate selecting the echo. There w-as no time- 
base for this CRO and when the echo was properly sclecled by the gale 
theic appeared on the CR( ) screen a line of length proportional to the 
amplitude of the desired echo A 35 mm camera was focused to the scieeii 
of the CRO aud the fading patlcin of IIr echo w^as photographed uiUoiim- 
tically by running the film at a prcdetei iiiiiied late ( | or 6 inches per miiiiile) 

Time-marks were produced on the film mechanically every 15 seconds 
by momentarily closing the camera lens so as to produce narrow gups on tlic 
continuous fading curves. Provisions weie inade_vvilli tliree photugrapliie 
oscilloscopes aud a snitable cjitical arrangement so llial three indejieiulciit 
fading curves from lluee receivers eould be simultaneously photogiaplied oa 
the same moving film. 

It has been mentioned before that wdieii the amplitude fluctuation oi ll^^' 
downcoming wave is due to the interference between the magneto-ioinc 
components, the fading curve would be a pei iodic one A typical photograpli 
of such a fading curve is shown in Plate VllA, (b). It will be seen from this 
plate that the fading curve is very periodic in nature. In order to test wliclliei 
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this fading is due to the interference between the niagnelo-iouic components, 
the following expeiiments were made : 

Two identical receivers kept on the same table were tuned to the same 
wave-frequency. They were connected to two identical loop aerials with 
Lhcir planes making a certain angle betw'een them. The lectivers were 
placed parallel to each other to avoid any relative phase-shift. The same 
L'cho amplitude from the two receivers was displayed on the two photographic 
oscilloscopes and when the fading appeared to be periodic in nature the 
caiiiet a motor was switched on. Plate VIIA, (c) shows one such record. It 
will be noticed from the record that the fading curves at the two receivers were 
VL'iy similar ill nature but displaced with lespect to each other which .shun ed 
that the fading was due to the iutcrference between the magneto-ionic 
components, the displacement between the two fading curves being due to 
the angle between the loops, Plate VIID, (d) shows what happens when the 
planes of the two loops are made parallel to each other in which case there is 
110 displacement between the two periodic fading curves. The interval 
between any two consecutive small gaps in the fading curves repicscuts a time- 
interval of 15 seconds. 

(M Sulypicssiou oj a ma^i>ncio-to}nc cempoucut 

111 the pievious section it has been observed that when the amplitude 
find nation of a downconimg wave is due to the mlerfereuce between the 
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inagiieto-ionic compouenls, periodic fading is observed. It is, however, 
possible to suppress one of the magneto-ionic components by means of a 
special receiving aerial. The fading of a single component may therefore 
be observed even when both the components are picsent in the downcoining 
wave. This was achieved in the following way ; 

h'lrsl, a circularly polarised loop aerial was constructed. This aerial, 
when properly adjusted, should receive only one of the magneto-ionic com- 
ponents. Thin aerial is similar to that described by Kckersley (1932), 
Ratcliffc and White (1933), Katcliffe and Pa w'sey (193b) and Kckersley and 
Millington U939)* consisted of two vertical loops mounted at right aiigkb 
to each other having a common axis of symmetry. The loops were tuned 
in the middle by series condensers and each was coupled to the field coils 
of a radio-gonionietei as .shown in Fig. i. Pig. 2 shows the plan of the 
aerial .system. The rotatable search coil was connected to the input ch'cuil 
of the receiver in the usual way. The area of each loop was i stpm. \and 
consisted of four turns of wire. The tuning range with four turns of ^qre 
ill the loop and the inductance of the field coil Nvas from 2.8 iiic/s to 4.5 mc/s 
Both the loops were carefully screened to avoid diy stray piek-ups and the 
whole goniometer was sciccned The vertical planes of the two loops w'cre 
made perpendicular to each other iu order to avoid any mutual inductance 
between the tw^o loops. 

The working iiriiiciple of such an aerial system can be seen from the 
following. The main object was to use this double frame as a polarimetcr. 
The aerial was set so that the angle between the two fi’ames*wab bisected 
by the incoming ground wave. The two loops were then separately tuned 
so that the currents in the two loops were in phase with the e, m. f’s in the 
loops which were also in phase. The search coil of the goniometer can then 
be set at 45° so as to receive no signal. The loops were then niistuncd, 
one being increased iu natural period and the other reduced. The amount 
of mistiming should be 45° in each loop. This was achieved by first tunint^ 
the loop so as to receive some pulse-amplitude of the ground wave on the 
monitor time-base and then detuning continued on the same tuning coudciisei 
until the jiulse amplitude was reduced to 1/V2 times its tuned value. In 
this way a phase-lag (or pha.se-mcrease) of 90 was deliberately introduced 
between the currents in the two loops. 

Tet us now consider a dowiicoming wave fioiii Clie ionosphere. If it 
were circularly polarised, then the e. in. f'siii the two loops would be yo’ 
out of phase. When the mistuning of the aerials had been proi>erly earned 
out, the currents would be 111 pha.se or 180" out of phase according to the 
direction of the circular polarisation. For a circularly polarised wave, 
therefore, a balance was obtained with the pointer of the goniometer either 
at +45“ or -/15'’ according to the direction of circular polarisation. The 
presence of a split pair of echoes was also strikingly shown by the see-saw 
effect " as one echo- was suppressed and the other appeared when the search 
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coil was rapidly rotated from one 45® position to the other. Tims, when 
liolh the ordinary and the extraordinary components are present in the 
(lowncoining wave, it is possible to pick out either of them. The adjuslment 
of the aerial was first done on the ground wave and then when the two 
components were properly split, as shown on the time base as a i)air of 
adjacent echoes, the final adjustnieiits were carried out. It was fcamd that 
such a polai ised aerial was quite cificienl m suppressing one of the compo- 
iieiits and accepting the othei in full strength 

111 the experiment two identical receivers weic iilaccd on the same 
table ; one was connected to a plane loop and the other to a circularly 
])o]ansed loop-aerial of the type mentioned above. The polarised aerial was 
previously adjusted to ensure that only one com ponent was being received. 
When the fading of the downcoming wave was obscivcd to be periodic, the 
camera motor W’as switched on and the fading cm ves at the two rccciveis 
wcie simultaneously recoided. Plate VllB, (r) shows a typical example. In 
this plate the lop pattern was taken by a loop aerial and the bottom by a 
c 11 ciilaily polarised aerial suppressing one of the components. It will be 
nolued that the amplitude of the single component v as not varying Int at 
the same time the interference between the two weaves w^as producing a 
icmarkable periodic fading. 

An interesting result may, however, be obtained from a periodic fading 
])ntUrn, namely, the rate at which llic equivalent distance of separation 
between the tvNO components is changing. Jt can be shown by simple cal- 
culation that d must change by a quai ter wavelength in order to obtain one 
liaU cycle in the fading cuive, i.e., from one minimum to the next In the 
hiding curve shown in Plate A(h), the rate of change of d is found to be about 
.2.;) meters per second, /.c., about cj km. per hour. As time goes on, the 
effect ive distance of separation between the two components would go on 
increasing and the two waves w’ill be shown as tw o split echoes on the time- 
ba^e, ]H-ovided no extra ab.soiptjon takes place. On a 20 ms. time-base, using 
a radio-frequency pulse of width 200 /is, the first sign of splitting w^ould occur 
alter about half an hour from the commencement of the periodic fading. 

15 F F K C T OF IONOSPHERIC I R R R G U L A R I T I K >S O N 
M A G N I? T O I ( ) N T C !•' A Dl N G 

So far vve have considered llie fading as only due to the interference 
between the magneto-ionic components. We have also seen that wdiile a 
^'iiigle component remains steady in amplitude the interference between the 
two components may pi oduce at the same tunc a icmarkable peiiodic fading. 
In this section we shall discuss what happens when the scattering from the 
irregularities in the ionosphere also contributes to the fading. 

It is known that the ionosphere exhibits considerable irregularities which 
may he in the form of ion-clouds. If the dimension of these irregularities 
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becomes comparable with the wavelength of the incident radio wavej they 
will diffract the waves. This problem of diffraction has been described in 
detail by Ratcliffe and Pawsey (1935). 

It has been shown (above) that the effect of the interference between 
the iiiagncto-ionic components may be eliminated by using a circularly 
polarised aerial at the receiver. The ionospheric echo thins singled out may 
therefore be considered as a single downcoming wave. This .single wave 
may now be considered as a resultant of a large number of wavelets diffrac- 
tively scattered from the irregularities. If the ionosphere remained constant 
there would result an irregular ' diffraction pattern ’ of received signal 
changing in magnitude from point to point on the ground but the signal 
intensity would remain coiislant with time at one given point. A single 
magneto-ionic component received at one point will only exhibit fad^ig if 
the ionosphere changes in some way and the resulting fading might bii due 
to two different phenomena : (a) a steady motion of the ionosphere ^s a 
whole and (b) a random motion of the ionospheric irregularities ; or it might 
be due to some combination of the two. 

A uniform drift of the iono.sphere corresponding to a steady wind would 
result in the sweeping of the diffraction pattern past the receiver with a 
velocity equal to twice the velocity of the wind. Two separated receivers 
would therefoie record similar fading but with a lime-displaceiiiciit corres- 
ponding to the rate of drift of the diffraction paLtcrii In a previous papei 
(Mitra, 1949) the author has dealt with the wind-observations by thiee 
spaced receivers. 

The other extreme would correspond to the random motion of tlic 
irregularities and would lead to random ’fading at the two receivers and if 
these were separated by a sufficient distance the two fading curves would 
cease to be similar (Ratcliffe, igpS). There would in particular be no regular 
time-shift between the two curves. Such irregular fading curves have been 
ob.served and the records statistically analysed in a jirevious paper by the 
author (Mitra, ig^ig). The results lead to a determination of the random 
motion of the ionospheric irregularities. 

In practice, however, if one uses a loop or an ordinary aerial, the effects 
of wind and random motions will be present together with the effect of the 
interference between the magneto-ionic components. Then it becomes very 
difficult to decide which effect is predomiiienl. It has, however, been 
observed that when the effect of wind predominates the fading curve of a 
single downcoming wave is quasi-periodic. On the other hand, when the 
random motion is the dominating factor, the curve appears peaky and very 
irregular. Thus, from an inspection of the fading curve an approximate idea 
may be formed regarding the cause of the fading. But the real difficulty 
conjes when the curve appears to be quasi-periodic and the receiver is not 
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I'lQ. (f/)- -Gated echo , the ground pulse and the height-marks 
on the riioniloi time-base 



I'uj (li) -Fading curve due to the magneto-ionic interference, The receiver wa,s 
connected to a plane loop aerial 



(r) -Displaced fading curves. Two receivers were placed on the same 
table , one was connected to a loop aerial the plane of which was 
making a certain angle to the other loop aerial connected to the other 
receiver. 
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Fig [d ) — Similar periodic fading curves at the two receivers placed at the sfirne 
place. Both the receivers were connected to plane loop aerials iije 
reception planes of which were made parallel 



Fig (e)— Suppression of the interference due to the two overlapfung magnelo- 
lonic components by the use of a circularly polarised loop aerial. The 
receivers were placed on the same table ( Wave-frequency = 4 Mc/s ) 



Fig. (/)— Quasi-periodic fading which is not due to the interference between the 
magneto-ionic components. ( Wave-frequency = 4 Mc/s. ). 
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connected to a circularly polarised aerial when the magneto-iopic interference 
may be suspected- In this case even, an approximate idea may be obtained 
regarding the cause of thejading from the following consideratibns : 

It is hnbwn that in' northern latitudes and specially, in high altitudes, 
the extraordinary component at lower frequencies is heavily absorbed . during 
day-time and only the ordinary component is present in the downcoming 
wave. However, duiing night, sunrise and sunset periods when absorption 
is low, the two components are found to be present in comparable amplitudes, 
'fhe need of a polarised aerial is specially felt at these periods if one desires 
to investigate the fading of a single downcoming wave for the study of the 
wind or random motion of the irregularities. During day, when absorption 
IS .supposed to be high, quasi-iicriodic fading is also often observed. . To 
a.scertain whether the magneto-ionic interference is of any consequence in 
such fading the following experiment was conducted; 

Two identical receivers weie placed on the same table; one was connected 
to a circularly polarised loop aerial accepting only one component and the other 
connected to a horizontal dipole. Plate VII B, (/) shows a typical photograph 
of the two fading curves taketi simultaneously. It will be seen that for the 
particular wave frequency used (4 nic/s)‘thc fading curves were very similar 
and quasi-periodic in nature but not displaced. This shows that^ only one 
magneto-ionic component was present in the downcoming wave. The fading 
was primarily due to the motion of the scattering centres with a steady 
ionospheric wind- Thus, one may use ordinary aerial either loop or horizon- 
tal dipole for the study of the fading during daytime provided the wave 
fieqnciicy is kept low. At higher wave frequencies, however, the absorption 
will be low and a polarised aeriral should be used for an unambiguous study 
of fading. 

CONCIvUSTONS 

We conclude that a periodic fading of short wireless waves may be due 
to the interference between iiiagueto-ionic components. It cannot, however, 
be generalised that all periodic fading patterns, as often observed, are due to 
this effect. Similar fading is also found which has been interpreted as due to 
an ionospheric wind. It is only by the use of a polarised aerial system that 
one is able to detect the effect of the interference between the magneto-ionic 
components in the fading. 
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A SIMPLE METHOD OF PRODUCING WIDE-BAND 
FREQUENCY MODULATION 

By H. RAK&HIT and N. L. SARKAR 

{Received for publication, Match 2S, ig^n) 

ABSTRACT The three-phase R-C tuned radio-frequeiiry oscillator developed by 
Rrikshit and Bhattacharyya (1946) can easily be made generate frequency-modulated 
oscillations by varying the tuning resistance of one of the three stages in the oscillator. 
IL has been found that if frequency moduldlion is produced by shunting any of the three 
oscillator valves by a trindc with the modulating audio voltage on its grid, faithful wide- 
band modulation can be realrsed under proper adjustments Frequency stability of the 
icnUaliiuniodulatcd carrier has been attained by incorporating an automatic frequency- 
toiUrol system involving a phase di.scrimiaator. T!ie experimental arrangement is fully 
described in the present paper and a typical set of results with a i 44-meg.icycte carrier is 
presented. The preliminary observations have already given verv good results and further 
.studies are in progre.ss. 


introduction 

The R'C tuned oscillator is well known as a very good generator of 
audio frequency oscillations. Rakshit and Bliatlacharya (1946) have pointed 
out, however, that the conventional ciicuit of a three-phase system, with 
components selected for producing audio frequency oscillations, invariably 
Scuerates radio frequencies by virtue of the unavoidable stray and inter- 
cleclrode capacities, In fad, with the simple three phase oscillator it is 
iiniiossiblc :o generate audio frequencies unless certain modifications are 
introduced in the circuit. It was further pointed out that the three-phase 
radio fiequency oscillator can easily be made to generate frequency-modulated 
oscillations by varying the tuning resistance of one of the oscillator stages 
by the modulating voltage. 

Ill a recent communication by the authors (Rakshit and Sarkar, 1949) 
it has been reported that if frequency-modulalion is produced by shunting 
^uiy of the three oscillator valves by a tnode and applying the modulating 
audio voltage on the grid of this triode modulator, faithful wide-band 
modulation can be realised under proper adjustments. The present paper 
give.s the details of the observations. 

T H E 0 R K T I C A D 0 0 N vS I D E R A T I 0 N S 

^ben the three stages are identical one of which being as shown in 
I, and the anode load of each valve is composed of resistance u shunted 
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by capacity Cj it has been shown that the oscillations produced are of radio 
frequency given approximately by 


/= - 
27rrj(C, + C,)' 


(i) 


when ?2 as also the anode impedance r„ of valve >> and Cs<<C. Thu 
quantity C\ in the above expression denotes the total stray capacity on both 
sides of the coupling condensei C. In regard to Ci, it will be noted that 
the performance of the system remains unaltered if it is coiirffected between 
anode and cathode. In practice the three condensers Ci of the three 
stages are replaced by a three-gang condenser between the common H T. 
negative line and the three anodes. 

Let us consider the case in which the three stages which are otherwise 
identical iii every respect have load resistances for the two and r for thu 
third stage. If P be the angular frequency of the gcncraled radio frequency 
oscillations, the phase shift in either of the first two stages having load 
resistances Ti is given by 


01 


tan-» 

pCr,j 


when C»C3 and ra>>r,. With further approximation 


0i = 02 = lan‘ ' [-priit\ + C t)] 


The phase shift produced by the third stage is 

(/Ja = tan”^ I (3) 

The total phase shift produced by the three .stages is 

(l>=2ian''^l~pTi{Ci'\-Cj]+tEiU~^[—pr{Ci + Cg)] ^ 4 ) 

The gain of a stage with load resistance Ti is given by ' . . : - 
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SUrupC 


gain = 


s/[\i-p'^ur,C{C, + C/)f + ipCr,r] 


In th& symmetrical ca^c it has been shown by Rakshit and Bhattacharyya 
(1946) that, as a first iapprdximation, ^Cir,= v'3. Here also, as the variation in 
frequency is very small, pC^y^^^Ji and hence 


since 

Therefore, 


^ V, r^C {C\ + C J = pr,{L\ + C , )I)Cr,»i 

T2»ri. 

gain«=5»* — ^'[i‘>2pC 

V[(/Jr,Ci + C, ^pCr^V + ipCr^'f] 

= gZi 

The overall gain for the three stages 

- 


[i + P^Ti‘{Ci + CsV][i+P^r^[Ci + C,y]^ 

For maintenance of oscillations vve must have 

ii) 0 = 27 r 

and (ti) overall gain ^1* 

Condition (1) is satisfied if 

2 tan"^ -M(Ci + C,)] +tau”^[-i?r(C, + C,)] = 2vT 


tan-' i 


i- p ri jCi + C,) 

^_ 2j>^rir(Ci + C\)" 


2pri{Ci + C,) 

1-PW(C, + CJ' 


+ i>i(Ci + C,)=o 


p= — j — (1+ 

^ r.(C. + C.)\ T / 


(s) 


( 6 ) 


If. as mentioned in the introduction, the anode load resistance of the 
tliiid stagcTs coinposed'of a resistance shunted by the inodLilalor impedance 
then for a ganged condenser used for Ch the effective value of C, for the 
third stage would be slightly greater, C', say, due to the extia capacitances 
involved. The frequency of the oscillations maintained is then given by 


P = 


'^1(^1 "h 


1 + 


2u{Ci + C,] 

'r(C\ + C'.) 


li 


(6a) 
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On substituiion from (6) expression (5) for Ihe overall gain becomes 

g riT 

■■■" 1^" -""'a *■' ( 5 a) 




S’f‘r 

2(1 

[ 1 + 


\ r / 


\ r / \ Ti > 


vSince^ X -1- IS always greater than 2 for any positive value of X, it is 


evident that 


J?** "I * T 

overall gain < -- 

O 


In practice r differs from by only a small percentage and hence overall 

“13 ' 


gam 
satisfied if 


& 

2 


. Condition {n) for maintenance of oscillations is '^hus 

1 

gr, 2 I7) 

The expression (61 for frequency shows that if r is varied the generated 
frequency will also vary, producing frequency modulation. 


CONDITIONvS FOR F A I T H F U Iv MODULATION 

The schematic arrangement of the third stage of the three pHase oscillator 
producing frequency modulation is shown in Fig. 2. The eflective anodt.' 
load of the third valve is shunted by the anode impedance Kd of the 



Fig. 2 

^fodulated stage of oscillator 




modulating triodc. Thus 
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and according to (6) the frequency of the oscillations ,s 


2Tr,(Ci + C,) 


I + -li + ill 

ri' /{, 




a^rrjCi + C*,) 


As shown in Fig^ a frequency modulation is produced by changing the 
snd voltage of the modulator. Faithful modulation would, however, require 
linearity between change in oscillator frequency and amplitude of modulating 
voltage. Further, there should not be appreciable amplitude modulation 
miroduced in the process. 

Linearity of frequency modulation requires that, over a frequency range 
hufficient for wideband modulation 

f = K{i + mVa) 

where K and m are constants of the system which do not change with K the 
modulator grid voltage. Comparing (8) and (lo), we find " 

/f(i + )nK,) = «V^/J+ — ‘ j, 

giving (K'‘-»’j8) + aK:"mF,+KSii“F„'= 

R. 


(/v“ — + 2K''ni V„ + 


+ ■■■ 

where 

« r, 

r= 

giving- B/C- 2/ w ... (13I 

it has been found possible to have, under proper workifig GonditiiM^, 
" '^^^rying very closely according to (ii), at least overa rafiige of Vg suffickfK 
tor wideband modulation, 
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OBSERVATIONS ON FREQUENCY STABII^ITY 

To make a quantilalive study of the variation of carrier frequency witli 
change of voltage on modulator grid it is essential that the R-C oscillator 
has a good degree of inherent frequency stability. Tt is therefore desirable 
to discuss this question in detail and make an experimental study of the 
stability before we attempt to study the nature of frequency modulation 
capable of being produced by this system- 

When all the three stages are identical, disregarding the presence of 
the modulator for the present, the ladio frequency of the R-C oscillator 
IS given by 

4 - sV'S 

27rTi(Ci + C,) I 

It has already been pointed out that in arriving at this approximate value, 
the impedance r, of the oscillator valves has been neglected as being > 7 ^ 
since r, i.s actually in shunt across i,. 

( )ne of the causes of variation of oscillation frequency is the variation 
of r„ of the oscillator valves due to fluctuation of supply voltages. Taking 

Tff into account we have /= — x ~ 

2:r(Ci+C,^ Kj 

where i/R, = i/ri + i/i, 


The variation S/ in frequency, due to variation in r. 


M\ + Cs)r,r 


8/ _ _ RiSf t, „ ^ 

/ r/ Ti + r,, T, 


So far as variation in r,, is concerned, it is obvious that for a high degree of 


frequency stability - 


should be as large and ri as small as possible. A 


large value of r„ necessitates the use of r. f. pentodes and a small value 
necessitates the use of higli-mu pentodes, since oscillations are maintained 
when ffrj-^2' For a typical caSe in which ri = 2 xTo® and r„ = io* ohms, 



2 X 


r,. 


For one per cent variation in r„, there would be 2 x io“^ per cent variation 
of the frequency of the oscillations. For a one megacycle carrier the 
frequency variation due to one per cent increase in will in this case be 
minus 20 cycles. Stabilisation of the voltages to the different electrodes is 
therefore essential to minimise this variation. In actual practice, the anode 
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rind screen voltages were derived from a stabilised source as shown in Fig. 3 
and the heaters of the valves were fed from a voltage regulation 
transformer. 

To quartz oecillator and A.F.C. Unit 



Another important cause of frequency iustabilily is the variation of the 
load resistance Vy with change in temperature. To minimise the fj-equency 
variation due to change in r, caused by temperature change, the resistances 
ri must be wound with wires having low temperature coefficient. Proceeding 
as above, we get, for variation of rj 

— = — — —1*. CM— 

t ry‘‘‘ ^ + r, t, ’ 

since r„» I1- 

Tbe resistances ly were actually wound on thin mica cards with inangaiiiu 
wires which have an average temperature coefficient of 10“'' per degree 
Centigrade. For a temperature lisc of I'^C of the resistances there will 
thus be a frequency change of minus jo cycles on a one-megacycle carrier. 

Frequency instability is also caused by changes m Cy due to variations 
111 temperature. Assuming an average temperaUiie coefficient of capacity to 
lx- '4 X nr'", for small change in tcmiJCraUire, the change in frequency caused 
hy change m capacity due to increase of tempciatuie by 1*^0 is, for a onc- 
niegacycle carrier, minus 40 cycles. 

From a consideration of the frequency chauge due to change in ^vorking 
temperature it is desirable to place both », and Cy m thermostatically 
'-' mil oiled chambers. 

The degree of stability attamed in this way was checked by comparing 
with a quartz-controlled oscillator. In the absence of a direct frequency 
measuring equipment of high accuracy, the R-C oscillator was heterodyned 
with a quartz-controlled oscillator to produce a 1,000 cycle beat note. The 
k“C and quartz-controlled oscillators were both separated by buffer amplifiers 
'•efore applying to the mixer, as shown in Fig. 4 . The beat note produced 
5--T73SP-5 
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Fig. 4 

Checking stability of R-C oscillator 


was in turn compared with a valve- in am lamed liming fork. (i,ooo cycle) 
oscillator. I'lie observed stability was found to be sudiciiuly good for if^aknu: 
quantitative studies in frequency modulation. 

VARIATION OF O S C 1 L Iv A T O R F R F O U 1C N C Y W I T 11 

M O D U Iv A T O R GRID V O h T A G 1C 

One of the oscillator valves was now shunted by a Iriode modulaloj as 
explained before and shown in Fig 2. The load resistance of this valve 
was increased from r, to i'i so that under average grid bias on modulator the 
equivalent resistance formed by i'i and modulator anode impedance R„ in 
parallel is equal to rj. The beat frequency produced by heterodyning llie 
R-C and quartz-controlled oscillators was Ihen measured by comparison with 
a beat frequency audio oscillator of good frequency stability. 

To start with, a preliminary investigation was made to find out the rangi 
of modulator grid bias, if any, over which the variation of frequency wii'i 
approximately linear. This study revealed that for grid bias greater than 1 

volts the variation was more or less linear The cathode bias developed aeiuss 

Tje (figure 2) was accordingly set for 4 volts and the iiicasiiremeiils of 
frequency for different values of grid voltage were made with all iiossiblc 
accuracy. 

With 4 30 volts grids bias (negative) on the modulator the three ganged 
tuning condenser of the R-C oscillator was carefully adjusted to give a hiat 
note of say 500 cycles/sccond with R-C oscillatoi-tfCquenc> beloW' tlial of 
the quartz controlled one. From a knowledge of the quartz oscillatoi 
frequency, that of the R-C oscillator was thus ascertained. This setting of 
the tuning condenser w^as kept undnsturbed. The modulator grid bias was 
then slightly increased with consequent decrease of the R-C oscillatoi 
frequency. The audio beat frequency accordingly increased and. the grid 
bias carefully adjusted to make this exactly luoo c/s. This grid bias was 
recorded and the process repeated for higher and higher beat frequencies 
A typical set of results is shown in Table I and also plotted in Fig. 5- 
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From the plot in Fig. 5 it is obvious that R-C oscillator frequency 
is practically a linear function of modulator grid bias over the rangL- 
Vif— —4.75 to F,/= —6.0 volts. Within this range the variation in frequency 
is 5.25 kc/s. It will be noted that the standard practice of wide-band 
frequency modulation i.s to have a frequency variation of +75 kc/s over an 
average carrier of, say, 50 Mc/s. This would require a fiequcncy deviation 
of ±1.5 kc/s over a one-megacycle carrier. In the plot of F,ig'. 5 there 
is a total deviation of 5.25 kc/s over the linear regime and hence if tin; 
modulator is worked with a static bias of -5 4 volts we can easily get faithful 
frequency modulation suitable for wide-band system. The modulating audio- 
frequency voltage is to be inserted in series with the D-C. grid bias and the 
resulting variation in Rt, of modulator will produce a deviation of carriei 
frequency proportional to the amplitude of the modulating voltage. I 

Within the linear portion the variation of / with may be rcpiekentecl 
by the equation ' 

j - Kii + mV fj ) (jo) 

In the particular plot under consideration. 


/v = 1.02 1 3 0® 1 
m = 4 18 10"’ j 




A M 1’ k T T U I) K M O I) U k A T 1 O N A S S O C I A T K D W I T H 
1' R K Q U K N C Y M O D U k A T I O N 

I'requcncy modulation being produced by varying the effective anode 
load of one of the oscillaLoi valves will automat ically involve amplitude 
modulation It must be remcinbeied however, that the peiceutage 
change in frequcucy is very small. For example, wide-hand frequeuey 
modulation requiring a deviation of ±75 kc/s over an average carrier fre- 
quency of 50 Mc/s involves a frequency change of 0.0015%. This would 
require a very much smaller i^ercentage change in 1 and hence the degree of 
amplitude modulation will also be negligibly small. A typical set of data is 
shown in Table II and plotted in h'ig. 6. 

Table It 


f [kc/h) 

902 1 

093 

091 

995 

996 

997 

1 

90^ 

Output (volts' 

I.^OU 

J 39» 


1 1 38n 

^ 37^' 

I 365 

j 360 
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VARIATION OF R. WITH V, OF MODULATOR 

From the linearity of modulation it is obvious that over the range of grid 
\ oltage between 4.75 aud —60 volts, the anode impedance of the modulator 
iollows Lhe relation (ii). It was Iherfore considered desirable lo make an 
experimental study of the variation of R„ with V„ Table III gives the 
lesults ol a typical set of observations and the plot is shown in Fig. 7 
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Tahlr I it 


V„ (volts,-ve) 

/|.2 

1 A 


-1 « ! .5 0 

1 3.1 

5 

58 

6 0 

6 2 

7 \’, (kilo-f)hijii.' 

17 10 

17.^15 

17 ‘S 

iS 25 j iS fig 

ig i8 j ig 6g 

20 23 

20. So 

21. 

22. J(. 


A ssumin}4 to vary according to (i J ), the constants A, B and C aje 
found to be 

yl=8.8xio~^ I 


B = 7, o >(. u ~^ } ... (15) 

C — 2.5 X Id ® J 


within the giid voltage range from -5 to —6 volts. Fiom the values m (15) 
it will be noted that 

B/C= 2 S(> (i6) 

According to equation (13!, B/C=2i}u. But this expermiental value o\ ii/c 
is not very close to the value of 2//// as obtained fioin (14). In this cquiice- 
tion, it must be remembered that since the quantity C is vciy small, a slight 
erior in measuring J\, may cause laige changes in the value of C, making it 
even negative. The agreement between the observed values of BjC and 2 lm 
is, therefore, sufliciently good for all practical purjioses. 

It may be noted that from the jioint of view of frequency stability it is 
better to work on that part of 7 c', vs. V„ characteristic (pi ovided it satisfies 
the condition of fidelity), or with such valves, for which 7 ^^,, changes slowly 
with F,; In that case, slight changes in will not appreciably alter the 
generated fiequency. 


S T A h I Iv I 'i' Y (.) F C IC N 'r R A 1 / C A R R I K R F R F O tT F N C V 

It has been pointed out before that with proper regulation of the voltage 
to the different electrodes of the oscillator valves, the frequency stability 
obtained is sufficiently good for making quanlilalive observations on frequency 
modulation. If, however, we remember that to get the final radiation fie- 
quency of the order of 50 megacyclcs/scc , the R-C oscillator fiequency is to 
be multiplied many limes it is obvious that the stability of the R-C oscillatoi 
must be of a very high oider. 

In a previous communication by Rakshit and-J 31 iatlacharyya (iQ/ltd d 
was pointed out that the three-phase R-C oscillator can easily be controlled 
by a quartz crystal used as a connecting link between the anode of any one 
stage and the grid ot the succeeding one- This method is quite simple but 
is applicable only when quartz-controlled oscillations at a fixed frequency are 
needed. It is not suitable for the present case where frequency modulation 
is wanted. A method very similar to the automatic frequency control system 
in superheterodyne reception has, hoyveyer, be^tiTound to work satisfactoiily. 
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the schematic arrangement of the control system is shown in Fig. 8. 
the K-C o.scillalor output, via huffer amplifier, is applied to the signal grid of 
the mixer valve and the crystal oscillator output similarly applied to the 



Kk;. S 

t'iiiiipk-L< o.^cill.iltir willi ctnlial Laniti 


oscillaloi t’l'id. The two limed circiiils on the anode of the mixer are 
sepaialely timed to a pre-detei nimed frequency and are sufficiently loosely 
coiijtled so lhat tlie Luuint; of one does not appreciably affect the other. The 
ciystal oscillatoi has a Irequency of i,ooo kc/s and the R-C oscillator adjus- 
ted to i/|4o kc/s [f I =440 kc/s) so that the diffeience frequency /» is applied 
to the phase discriminator as shown The iiiiiction of the discriminator is to 
distinguish between signals which are (i) above and (ii) below the piopcr 
ficqiieiii'y. When tiie R-C oscillator ficqucncy is exactly i/i<^okc/s, i e. the 
difforeiice fiequency is the same as the resonant frequency of the two tuned 
ciicuits, there is no D C. voltage across the points maiked MK. With zero 
voltage across ME the grid bias on modulator is such that R-C oscillator 
Irequency is exactly 1-^40 kc/s and under this condition the discriminalor 
ciicuit has po effect upon the oscillator If, how-ever, the R-C oscillator 
frequency drifts from 1440 kc/s the difference frequency accordingly changes 
and a D-C. voltage is developed across ME having its polarity dependent 
upon the nature , of the drift. Jt is so arranged that with decrease of R-C 
oscillator frequency the voltage of M becomes positive with respect to R sotliat 
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Rv of modulator decreases aud thereby tends to increase, and hence stabilise, 
the R-C oscillator frequency. Similarly, for increase of R-C oscillator 
frequency above the present value (1440 kc/s). 

lo start with, both the R-C and the quartz oscillators were disconnected 
and only a signal generator set for 440 kc/s applied to the signal grid of the 
mixer. The coupling condenser Ce was also disconnected and the two tuned 
circuits on the mixer anode were separately tuned 10440 kc/s, the resonance 
condition being indicated by the microainnieter I. A sensitive D.C. valve 
voltmeter was connected across M E and suitable adjustments was made to sec 
that under resonant condition no difference of potential existed between 
M and E. The coupling condenser Cf was then connected and the tuning 
of primary readjusted to restore resonance. On changing the signal generator 
frequency above and below 440 kc/s, the voltmeter across M E indicated 
voltages of opposite polarity and with proper adjustment these voltages wcie 
equal in magnitude for equal frequency deviations above and below 4^0 kc/s 
As explained before, M has to be positive with respect to E for decrease of 
R-C frequency and vice versa. If instead of this it is found that pi any 
particular set of connections M becomes negative with repeci to £, E is' to be 
connected to the modulator and M is to be earthed. With variation of C\e and 
the mutual inductance between the primary and the secondary the sensitivity 
of the arrangement could also be controlled. 

The signal generator was now disconnected and the R-C and quartz 
oscillators connected as shown. The tuning condenser of the R-C oscillator 
was carefully adjusted, with modulator giid bias set for -5.4 volts as requiied 
for faithful modulation, so that the generated frequency w'as exactly i4p 

0 

kc/s as shown by zero reading of the D.C. voltmeter across ME. The 
R-C and quartz oscillator voltages as applied to the mixer u'ere next adjusted 
to get the desired scusitiviiy 111 D C. voltage cmtpnl across M E for deviations 
of R-C oscillator frequency from i44(» kc/s 

To check the improvement iii frequency stability attained with the 
incorporation of the discriminator, the points M and £ weie connected to 
the modulator through a double-throw switch S as shown in Fig. 8. When 
5 w’as thrown to the left the discriniinalor output was not applied to the 
modulator and the D. C. voltmeter across ME occasionally showed perceptible 
fluctuations indicating variations of U C o.scillator frequency. When S \va.s 
tlirowm to the right, there was absolutely no fluctuation in the reading of the 
vohmeter indicating greater fiequeucy stability._ The functions of the 
combinations R'C' and R'^C" in the discriminator output circuit are to allow 
only the D. C. voltage output of disci iminator lo be applied to modulator. 

From the nature of the arrangement showm in Fig. S it will be realised 
that the system maintains a stable central carrier and there is no change m 
voltage across N £ even when inodutating audiofrequency voltage is applied 
to the modulator. The discriminator is effective in eliminating frequency 
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d lifts or sciii filiations of Iour periods anti 1 he normal desirable modulations 
are not in any way affected. The stabilising system with discriminator 
cannot obviously be used for making observations on variation of oscillator 
hequency with modulator D.C grid bias as depicted in Tig. 5. 

distortion produced in the system 

It has been pointed out in a previous communication by Rakshit and 
Bliattacharyya (1946) on the three-phase R-C oscillator that harmonic distor- 
tion of the unmodulated cun icr can be kept low by maintaining three-phase 
5-yuiiiietry. For introducing frequency modulation asymmetry has been 
deliberately adojitcd with resulting increase in harmonic distortion. But 
liy adjusting the anode load resistance of the modulated stage in the three- 
pirase system, the symmetry for the unmodulated condition can be maintained 
and hence harmonic distortion kept low. In any case, if the overall gain 
lb the iiiinimum required for maintenance of stable oscillations, the harmonic 
distortion is quite small although there might be slight asymmetry. 

The presence of the niodulatoi introduces other sources of distortion 
which are of interest The modulator valve is essentially a non-linear 
clement, its anode impedance varying with H.T. voltage used. Since the 
osedlalor voltage is applied across the modulator, its impedance will vary 
ovei one period of the radio frequency o.scdlation and this is likely to 
produce some dislorlion. If the r f. voltage on the modulator be not large, 
the distortion due to this cause will be very low. 

It should also be noted that tlie modulating voltage on the grid of 
iiiodiilalor will naUirally be jiresent on its anode and hence the frequency 
mndiilaled output will have the modulating voltage superimposed upon U. 
Til is can easily be removed by using a high-pass filter of suitable design. 

Tlic frequency deviation required for vvide-band modulation on a 1440 
kc/s earner being about +2.2kc/& it is obvious that if the discriminator 
lias a pull-in width of about 6 kc/s and the capacity across the diode 
l(jad (Fig. 8) has a value suitable for usual second detection, there will 
be audio output across i\i when the R-C o.scillator will be frequency 
modulated by means of an audio signal. For sinusoidal modulating voltage, 
laitliful modulation would give— assuming ideal discriminator charactcr- 
islicn — sinusoidal audio voltage across C,/. Preliminary observations have 
aheacly been made with good results and further waveform studies aie in 
prngiess. 

Observations on frequency deviations resulting from modulation are 
also m progress, 

CONCLUSION 

The method of producing wide-band frequency modulation as described 
m this paper is very simple and the preliminary results, as leported, aie 
6-^I73SP-5. 
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quite encouirasing. 'Pile vStability of the central carrier is no douhl 
(Upendent upon that of the phase discrimination assembly but is practical ly 
the same as the stability of the associated quartz-controlled oscillator. Tlic 
overall stability attained is quite satisfactory fur all practical purposes. 

It must be pointed out that a large decree of frequency multiplication 
would be necessary to get the usual carrier of about 45 Mc/s starting 
from, say, a 1.5 Mc/s carrier. It was reported earlier (Rakshit and 
Bhattacharyya, 1946) that a carrier frequency as high as 9 Mc/s can he 
obtained by using 6*SK7 valves as oscillators with 1,500 ohm load resistances 
and having no external (.'/s across them. The inter-electrode and stray 
capacitances alone then control the frequency and the stability is pooi 
To attain a high carrier frequeucy with good stability, it is desirable to have 
external tuning capacitances much greater than the inter-electrode and sluiy 
capacitances and to use high-mu pentodes requiring small anode load 
resistances for the maintenance of oscillations. Quantitative obsetjvations 
along this line and also on the different aspects of producing f^ithfid 
frequency modulation arc in progress. i 
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generalized impedance circle diagrams in the 

ANALYSIS OF COUPLED NETWORKS 

By CHANDRASHKHAR GlIOvSH 

{Kcccived fo} piiblicalion^ l\laicli j i, ujjo) 

abstract. The use of cijclc diaKrains 111 the aiialyhih of ejicuit hehaviuur ui dee 
Ipcdl eiigiiieermg problems is well^kiiowii Wlicu applied lo the <leU‘riuiiiLitiuii of ( irenit 
hdiaviour ^vitb reference to variation m the impedance of meuits, the impcdame circle 
di.iffram is very useful in the solution of netw'oric piolilcms whcie mutual impedances 
aic involved The analysis of circuit behaviour by consideiing the lomplcte ciicuit as 
all cduivaleiit '/'-section leads lo a very useful wa} of visiuih/ing the performance with 
the help of circle diagrams. In this paper the form of i elation leading to ciicnlar loci for 
thc impedance is developed and a piactical method of developing the impedance circle 
diagrams for n representative T-seclion under diflcrent conditions of vaiialion in the im- 
pedfiLue is shown 

In electrical eiigiiiccvnig, steady-state impcdiuices, admittances, voltages 
and currenis in simple series and paiallcl circuits are studied from tlic 
analytical point of view Graphical representations, in the form of vector 
diagrams are of coiisideiablc help iii the visualization of the analytical expres- 
sions, 

111 the simple plots of steady-state time vectors, tlie locus of the terminal 
of any individual rotating vector is a circle concentric vvitli tlie origin and 
llic angular displacement of the vector at any instant is proportional to the 
independent variable, time. The use of this vector diagram can be extended 
to include a range of steady-state conditions by letting a vector sweep out 
a locus in the complex plane as either a parameter or the frequency is varied. 
This application differs from the first concciil in that the locus is not swept 
out by a lime vector- By means of this extended vector diagram, the circuit 
behaviour can be visualized and quantitatively analyzed not ouly for a single 
sleady-slate condition but also for a range of conditions. This method is 
especially convenient and practically useful because these loci prove to be 
circles (or straight hues) in many useful cases. For these reasons such loci 
or Lirdc diagram', as they are coiiinionly called, fire widely u.sed m both the 
po\\cr and the communication fields. 

In problems on trausinis.sioii of powci, the entire Iraiismission sy.stciii, 
used to connect an electrical geneiating station witli a distant load centre 
mdudmg a long taiismission line and Iraiisforniers at liotli ends, is usually 
analyzed as an /-loop network with the generating station as one .souice 
and the load as an equivalent of a negative source. Such an /-loop uetwoik 
with two pairs of terminals, one pair in each of two loops, to which sources 
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(or loads which j from the point of view of Ihe i-loop network, arc treattd 
as sources) can be connected is often called a coupling network. 

The coupling network is often rather complex and, in a broad use ol 
the term, may, as mentioned above, contain long transmission lines or even 
energy-conversion devices, so that between the two pairs of terminals 
mechanical, accoustical, or electric-wave link may exist In the latter cases 
the equivalent electrical behaviour of the mechanical or other link must l)f 
known before the combination of such a link and electric circuits can bu 
treated as a coupling or two-terminal pair network. 

Thus considering a two-terminal-pair network, as shown in I'hg. i, the 
current and voltage relations at the terminals r-i' and 2'-2 are given by 

Is 



Fig. I 


Fig 2 


Coupled net oi k 


T-sectioji iiL'l work 


.* (l) 

where —impedance in loop i 
Za2 = impedance in loop 2 
Zi a = mutual impedance between loops 1 and 2 
For power engineering it is usually convenient to express the volta.ui- 
and current at one end of a two-tcrminal-pair network m terms of the vollage 
and current at the otlier end. Such equations are much u.sed by the power 
eugineer m preference to the equations giving the two voltages in terms ol 
the two currents and vice versa. 

The equations of the coupling network as used in power circuits arc 
customarily written 

E,^AV.^ + Bh .. ( 2 ) 

h = CV:, + DL^ 

in which the parameters A, B, C and D are called general eircMH constanis, 
of which only three are independent. These constants are related to the 
Z’s in the former equations as follows 


Z[=- 





C= - 

Zj 2 Z12 Zia 
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where .Dz is tlie determinant of 2’s, i.e. 

2n Ziz 

1-^13 -^821 

Considering now the branch conlaiuiiig the variable resistance R and 
constant reactance A’ as the load if it is desired to deteiuiine tlie circle 
diagram of the current /i, as the resistance of any other branch is varied 
over a definite range, then the input impedance 


7 i CV, + DI. 


i 

since + in which R is variable 

;/ = A(R + iX) + B 
C{R + jX)-rD 


J. / 


+ B 


h ) 


+ 1) 


CZV+L) 


(3) 


^AR+JjAX\-B) 

CR+ijCX^D) 

Sniiilarly, the input adiiiittaiice 

y _ CZl + D _ CR + 0 CX + D ) 
AZl + B AR+(jAXhB) 


(3^) 


{3b) 


Both these expressions for Zia and are in the general form of 


F{p) = 


M{p) + N 
tip) + U 


(4) 


ill which M, N, T and U are complex constants. The locus of F(p), as shown 
by vSchuiuann (1922), is a circle. Hence the input impedance or admittance 
dcsciibed by these expressions can be represented by a circular locus in the 
complex plane. 

All such networks involving mutual impedance can be simplified into 
an equivalent 7 ^-section. The circle diagrams used for analytical work in 
such cases are usually referred to as impedance circle diagrams. Such 
diagrams are very helpful in various problems in connection with network 
solutions and also in relay work. The use of such diagrams show proper- 
ties of the original circuit that might be overlooked without then use. As 
already noted, the impedance circle diagram is adaptable not only to problems 
in transmission and relaying, but also to problems relating to coupled cir- 
cuits, electromechanical problems and even to any energy-conversion devices. 




This again is one of the particular forms of the general equation for a ciiclc. 
The locus of /,li is therefore a circle under all conditions. 

The construction and geometry of the impedance circle diagrams have 
been discussed by Stewart (1944). The construction of the impedance circle 
diagrams can , however, be modified to make it more convenient for use in 
problems concerned with coupled circuits and in relaying. In dcteriiiiumg 
the limits of operation of relays one of the important icquircinents is to 
anticipate the possible variation in the looking-in impedance, as viev^ed by 
the relay, and thus to be able to provide the proper setting for the relay. 

In relay operations the possible variations in the circuit constants to be 
anticipated are in the value of resistance, reactance and/or power-factoi 
angle. The modified relations for the circles with reference to these con- 
ditions are now discussed. 


Case I 

Take i?22 = constant. Further let ^12 = power f^tor angle of the inutiial 
impedance, and = power factor angle of the secondary looi) impedance 


= 20 , 2 - 9,1 

. . (7) 

I/22I 


= 2. , + ^^1/ 180° + - fli,. 

IZ2J “ 

... t7rt^ 


Then 



Generalized Impedance Circle Diagrams 227 

The locus of Zij is a circle with the centre at the end point of vector 

I I 

/,i and radius equalto -7^1 , the angle parametei of the vector Zli starts 

I ^^22 , 

fioni zero position at angle i8o“ + 26I,., and rotates in a negative direction. 

LtlAC 

Take /?a2 = constant ; 6^2 varies 


Then 


1 ^22 


= 7 — -^2 -^12 ~ ^22 

R 22 ■|;^2J “ ~ 


( 8 ) 


But -y?A=COS^2; 
1 ^ 22 ] 


Hence 


^'■22 


... (Sa) 

1/2 I 

= ^11"” [cos (20,2-(922 )+j sin {2Bi2-02i)] 

\/2 I 

= . k I {co.s + y sin 2(9 i2> ^-Ccos (2i 9,. - +7 sin (2^,2 - 2^2=) >] 




129,2-20 2. 

2 R 22 2i?32 


- /I80 +2O12 ^ ' /iSo - 

_ / 1 J -t- — ■ -t- — — 

2^23 2K,2 


+ 2^12—2^21 


(8 b) 


This IS again a ciiclc with centre at Zii + ^^^^- /_ i8q +2^12 radius 

2^22 

eiiual to , the angle starts from iSo** + 2^12. 

2f'22 


Case TIL 


Let X23 = constant 


_ |Z?2l /2^I2-^22 

=: 7 2 I IX 02 I / 2 ^12 ~ ^22 

'"'iXa/ 1 ^ 12 ! 

— 7 _l^l2l «;« 5» /2^]2”^22 


... (9) 

(9fl) 


Then 
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= ^.-1;^! [sin e,: 


— 7 _ l^fjl I ^^12 QO'’ _ l ^fgl / 2^12 ~~ 2^.i2 

2|X,.' 2!X„| 

= 7 -4- \^h\ 1201^+90° |Zf2l 12012-20^2 + 90*' , ,, 

2 ix,;i " 

The locus is a cucle the centre of which is at Zu H- 4^^ / 2^13 +^90 

2LV23I 

IZ? I 

radius -rr, 1 j ^he angle starts with zero at 2^13 + go“ 

2JA23I 

Case 1 V 

Let ^22 = constant 


Then 


7 y_7 21/2^1 2 022 


— 7 12012 022 + ' / 

— |y-"l Uo 

Thus the locus is a circle with centre at infinity and radius infinite, i c., 
a straight line inclined to the R-axis at an angle 2^?i3 H- 180", and passing 
through Zii when Zao — ^, ? c. open circuit- 

Consfruction of Impedance Circle Diagrant<{ Joi Ihc above cases. 

In all the above cases, the second term in the expression for /ir is of 
the form a'/b, where a stands for Z,2 in all the cases while ^ stands foi Z22 
in cases I and IV, for 2 R 22 m case 11, and for 2 X ^2 in case 111. Hence, the 




-Yl 

FiO. 3fl 


Dc-tei inination of a^/b 


Fig. ; 



Generalized Impedance Circle Diagrams 229 

sorting point in obtaining the impedance circle diagram is deteunining the 
,„,,n.tudeo£theexpress.on for the radius. A very convenient graphila! 

„ .bod of determmmg the magnitude of such an expression is indicaLTn 

I.,s. saandsb. Fig. 3 ® is for the case when a>b and Fig i, J 
when a<b_ The successive steps are: Join x on V circle with a on 
, circle to get the point 3 on the ‘a- circle; join 3 and the origin of co 
..Ulmates and pioduce it to obtain point 4 on the V circle. Join i and a 
and obtain the point 5 on the Jf-axis. Then 0-5 is the measure of a^b the 

n.d ms required. » 

On the normal rectangular co-ordinate paper first plot and draw 

.. crcle with the origin as centre and radius equal to aV 6. Then in terms 

of 1I.C arc on the a'/b circle, the angle 26,,+ igo” in cases I and II, or the 
ae^f-go” in case III is measured, the line through this angle gives 
IIK- direction of the datum line The datum line is next dravu, parallel 
to tins line through the eud point of vector Z^. 

Cau I. 


The circle of radius aVb.i.c. drawn with the cud point of vector 



Fig. 4 

Case I ^j2”(oustant 

^11 ‘IS centre, is the looking-m impedance circle for case I. is measured 
'^t-'kuise from the datum line, to obtain the value of Zjj. This is shown 
111 i'ig. 4. 

Clears ]j avd III 

i he pomt of intersection of the datum line through the eud point of 
I'eeior Z^i and the second a’^'/b circle drawn with as centre, becomes 

7-t738P_5. 
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Ehe centre oi the required impedance circle Zit. With the same datniii 
line as the zero angle line, the angle 2^32 is lueasnred in the negative {i.c. 
clockwise) direction on the third circle. This point op the third circle, 
thus obtained, locc^tes the end of the vector tor the lookijig-in impedance 
Ztj. These are shown in Figs. 5 and 6. 



Fig. 7 

Case IV. fl2v = cou‘<taiit 


The end point of the vector Ztj can also be located by plotting the locus 
of Z,. in the new co-ordmales, joining Zu with the proper point on the Z.. 
locus and producing this line to meet the third circle- This meeting point 
With the third circle locates the end point of the vector This is also 

shown in the figures. 

t'tt.sc IV 

Ab already discussed above, the locus of Zr,j, in the event 6 ^^ is a con- 
.stant, is a straight line, that is, a ciiclc with infinite radius. This is shown 
in Fig. 7. 

Further analytic work on the above line is being cairied on with different 
tyues of actual circuit conditions. These will be communicated later. 
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B. E. C. AND CRYSTALLINE STRUCTURE OF SILICATE 
MINERALS RELATED TO SOILS AND CLAYS* 

By S. K. MUKHERJEIi and A. K. GANGUEY 

iRcceived for publication, Apttl, 1950) 

abstract. All approach to the problem of iou-exchauge in silicate minerals related 
t(i sGils and cla> s from the stand point of their crystalline character i.s presented. 

Clay fi actions of soils exhibit base exchange capacity in an enhanced 
dmree (Atterberg, 1912). The clay fractions were often regarded as 
"absorption complexes" or mixed gels of silica, alumina, iron oxides, water, 
etc. (Van Beminelen, 1888 ; Wiegner, 1924 ; Mattson, 1930) Mattson 
(ig30'37) fioiii a study of synthetic co-precipilates formed from solutions under 
vaiymg conditions comimrable with the expected conditions which give 
rise to the absorption coinfilex of soils, tried to interpret the behaviour 
of soil colloids without reference to their jiossible crystalline character. The 
adaptability and handy nature of the “absorption complex" theory held in 
the back ground the crystalline character of soil colloid constituents. 
Detailed infoi illations of the crystals structure of clay minerals are now 
available thiough X-ray (Hendricks and Fry, 1930), optical (Marshall, 1935), 
thermal (Grim & Rowland, 1942) and dehydration studies (Kalley el al, 1936 ; 
Hendricks etal, 1940). Four groups of clay minerals have been identified in 
soil colloids represented by kaolinitc, montmorillouites, hydrous mica or 
illite and attapulgite. Uf these again the first two are more abundant than 
the rest Grim (1942) states — “at the piesent time there are a few students of 
days who w^ould dispute the premises that clays are composed of flake shaped 
pill tides." Still there does exist considerable amount of confusion in our 
understanding of the case exchange process because of our insuE&cient 
hiiowdedge about the chemical, physical and as well the electrical nature 
ot the surface of clay micro-particles. Wiegner's (1935) idea of meta- 
Jitructiire can still be invoked with advantage to explain some of the very 
MUpoitanl properties lu base exchange systems 

i'he elucidation of the general scheme of structure of silicate is due to 
(1929} and Pauling (1930). Pauling (loc. cil.) laid the foundation 
of the crystal structure of clay minerals wutli three fundamental units 
of structure. 

(i) The hydrargillite Al {OHja layer lattice structure constituted of 
ociahedra each consisting of 6 OH^ ions at the corners grouped about an 


Communicated by Prof. P. B, Sarkar. 
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ion at the centre. Each octahedron in the layer shares three edges and 
the ()H^ ions are held by two bonds of half the strength. The OH^ ions 
on the surface of such a layer are situated at the comers of an equilateral 
triangle of sides 2-9 A. In such a layer the ‘electrostatic valence rule’ of 
Pauling f 1929) is satisfied. The H of OH ion of the hydrargillite is thus 
expected to possess a weak acid function. The pseudohexagonal hydrargilhte 
layer has a = 8. 7 A, 6 = 5.09 A. (Fig i (a) aud the thickness of such a layoi 
calculates to 2 37 A. 




(c) 


O 



Fig. I 

(After Pauling) 

(a) A hydi argillite* layei of ortahedia. 

Ibj A tetrahedral layer from a-cnstoballite or /9-tridymite A silicon ion is located fit 
centre of each Ictiahedron and an ovgcii atom at each corner, 

(c) A tetrahedral layer iu which all the letrahed.a point in the same direction 

(d) A complete layer of octnhedra (Brucite layer). 

(2) The second fundamental unit is /3-tndynute or /S-cristobalilc 
X-ray diffraction patterns of different forms of quartz (Bragg, Gibbs, 1925) 
reveal that vSiOa mineral lattice is best represented by four oxygen atoms 


B. E. C. and Crysialline Structure of Silicate Minerals, etc. 235 

occupyinff the corners of a tetrahedra at the centre of which is an atom of Si. 
The corners of the tetrahedra are joined with the corners of four other similar 
tt-trahedra. / 3 *cristobalite or ^-tridymite can be considered to have a layer- 
Uittice type of structure (Pauling, 1930) in which the tetrahedra point m the 
opposite direction (Fig. ib). On each side of such a layer is superimposed 
another similar layer as the mirror image. It is to be noted that in such a 
ia)Tr latlice (assuming perfect development of the lattice) the terminal 
tetrahedra on the surfaces have alternately one unshared corner The 
hexagonal layer of silicon tetrahedra has the dimensions, a = 8.71 A ; 6 = 5 03 A 
which agree closely with those of the hydrargillite layer. These unshared 
comers are not electrically neutral. Each oxygen atom in SiOj lattice is 
common to two 81 atoms only and held to each of them by one unit of the 
so called primary valency. Thus, there is left no valence force at these shared 
corners. The oxygens in the layers are situated at the corners of an 
equilateral triangle. The dislaiice between oxygen atoms of a tetrahedron 
is between 2-5 and 2.6 A ; and il is found to be nearly the same for the 
around silicon in all silicates (Bragg, 1929). 

Bragg (1929) suggests that in silicates and silica the Si -0 linkage is 
only in the partly ionised state. Pauling (1929, 1945), assumes that Si- 0 , 
though not of the extreme iouic type, is largely so. The 0-0 distance in the 
oxygen plane of the layer lattice is 5.03 A at the corners of an equilateral 
triangle. 

In a single layer of SiOi lattice the electrostatic valence rule can be 
satisfied if at the unshared corners H atoms are incorpoialcd to give rise to 
OH 1011s. The composition of such a layer then turns out to be SiaOs (OH) a 
(01 if we have a single tetrahedra of Si, the composition becomes SilOH)^ 
winch IS in accord with the valence rule) The com pounds like 
Si( 0H)4 are expected to be weak acids (Pauling, 1945). Or, again, if we 
coiisidei only the surface of a crystal of any size of , 5 -tridymite or of jS-cristo- 
balitc the unshared corners at the surface have each one unit of negative 
valency to be neutrali.sed, which cau be achieved by the incorporation of an 
atom of hydrogen 01 equivalent cation 011 each of the so called unshared 
tetrahedral corners occurring on the surface. In such a case also some sort 
of acidity at the surface can be visualised. 

Another type of the hexagonal layer having the same dimensions cau be 
obtained by pointing all the tetrahedra in the same direction. The basal 
oxygens of such a layer have their valencies satisfied, but the oxygen ions 
at the unshared corners have one of their valencies unsatisfied. The corners 
now give rise to a layer of tl-ioiis arranged round the corners of a regular 
hexagon of sides 2.9 A (Fig-ic) and the thickness of such a layer calculates 

to 2 05 A. 

(.)) The third fundamental unit is the brucitc layer of Mg(OH)a, 
composed of octuhedra, each consisting of 6 OH‘ ions at the corners grouped 
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about a Mg'* ® ion at the centre* Hach octahedron in the layer shares six 
edges (Fig. id). The OH^ ions are held by three bonds of one third strength. 
The OH^ ions on the surface of such a layer are situated at the corners of an 
equilaterial triangle of sides 3.13 .S*. In such a layer also the electrostatic 
valence rule is satisfied. The brucite layer has a = 9.36 A and b = 5.^ /I, 
and the thickness of such a layer calculates to 2.55 A. 

The structure of clay and other minerals have been built up by suitable 
aud rational superposition of the above three fundamental units Figs , 

ja, 1 C, id) 

It will be seen that a layer of unshared tetrahedral corrieis 
icf. Fig. ic) fits exactly with the pseudohexagonal layer of 
hydraigillite. On superimposing two such layers ()H^ ions at the corners 
of the hexagon of the hydrargillite layer being eliminated we get an un- 
symmetrical layer lattice where the electrostatic valence rule holds In 
the layer of fusion there occurs one OH^ ion at the centre of each oxygen 
hexagon. The opposite faces of the newly formed layer are different. On 
the face there exists one of the OH surfaces of the original hydrargillite 
layer and on the other the basal oxygens of the tetrahedral layer. The slack- 
ing of the layer can be represented as : 

3 (OH) 

2 (Al) 

2 (O). (OH) 

2 (vSi) 

3 (O) 

t.c., Al2Si206(0H)4. This is also the formula for the mineral kaolinite. The 
thickness of such a layer taking oxygen ion diameter to be 2.8 calculates 
to (2.37 + 2. o 5 + 2.8) = 7.22 a. 

If layers of silicon tetrahedra (Fig ic) aie condensed on both sides of 
a hydrargillite layer a symmetrical layer lattice packet is funned having the 
arrangement of the units as follows : 

3 (O) 

2 (Si) 

2 (O), (OH) 

2 (Al) 

2 (O). (OH) 

2 (Si) 

3 (O) 
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i.e., Al2v^i40ioCOH)2 which is the formula for pyrophyllite. The thickness 
becomes then to be equal to (2, 05 + 2:37 -I- 2. 05 4 - 2. 8) = 9. 27 A 

Now the oijposite faces of the new layer are similar, on both sides of 
which there are the basal oxygens of the letrahedial layers. 

The H of OIP ions at the surface of the kaolimte are expected to have 
some acid function like the OH of the hydrargtJlite. Jn the second case, 
the layers have no ionising group at the boundary faces. The faces are 
neutral and therefoie only stray weak electrical forces might be present there. 

The brucite layer does not fit exactly with the unshaied corners of the 
silicon tetrahedral (Figs, ic and id) layer. By the fusion of two tetrahedral 
layers on both sides of the brucite layer a symmetrical layer lattice having 
the following arrangement results : 

3 (O) 

2 (vSi) 

2 (O), (OH) 

3 (Mg) 

2 (O), (OH) 

2 (Si) 

3 (0) 

It has the composition of talc, i.c , Mg3Si40io(OH)2. But the fit in this case 
is somewhat strained and Pauling (1930) suggested that it would be too great 
for an unsymmetrical fusion a.s in the first case The thickness of such a 
layer becomes then equal to (2.05 -1* 2 55 H- 2,05 + 2.8) = 9-45-^ 

In this syiiiinetncal lattice also no ionising groups are present on the sur- 
face, making it neutral and hence only stray weak electrical forces are possible 
to exist. 

K A O ly I N I T E 

The unsymmetrical layer lattice structure of kaolinite pioposed by Pauling 
(1930; has been completely verified by Gruner (1932) a -=5.138 A, 6 = 8.9 A, 

( =14.506 A, /:!= loo^'u'. Uach layer is a neutral sheet stacked one above 
the other such that the base of the tetrahedral layer of one sheet faces OH 
layer of another sheet and is held to one another by some sort of OH.. O 
limding. The neutral sheets are thus firmly held (i.e., not merely arranged 
by stacking of neutral sheets) because of attraction between the adjacent O 
and OH faces (Grim, 1942). The iiiter-sheet space becomes according to 
this representation very compact and entiy of other ions to displace H of 
OH from these surfaces is lestricted by their greater sizes. Mehrnel (1935) 
identified also a lattice composed of the above unsymmetrical neutral sheets 
without any stacking as envisaged above j(Mehmers metahalloysite), a= 
5.15A, 6 = 8.9 c = 7.57 A, i 9 = ioo®. The value of the c-axis comes out 
to be equal to the calculated value of such a layer from the dimensions of 
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hydrargillite and SiOd layer {viz., 7.22/cos io* = 7.33 -S.) indicating absence 
of distortion of the fundamental units. The stacking of these layers gives 
rise also to a compact crystal the intei -sheet distance ( = 2.8 A) being equal 
to the diameter of an O (or OH) ion which is expected to be a close packed 
structure without distortion. And the lattice dimension of such a system 
becomes almost identical to that of kaohuite. (lixperimental value is 14.51 
and calculated value is 14.66) In fact, Hofmann, Endell and Wilm (1934) 
identified metahalloysite as kaolinite. When and if fusion does not take 
place between a tetrahedral layer and an octahedral layer, the composition 
of the two layers become HaSiaO*. and Al (OH)j respectively. According 



Fig. 2 

(a— e After Mehniel) * 

(a) Schenmlic diagram of the projection on the plane fioo) of (a) kaolinite. 

(b'l ,, ,, „ ,, „ ,, in HalJoysite. 

(c) Hydrated HalloysiLe. 

to Mehrael, hydrated halloysite (Mehmel's halloysite) is built up in the direc- 
tion of the c-axis from alleriiatiug layers of HaSiaOa and AlfOH)3. The 
value of the c-axis, calculated from the dimensions of the two layer, conies 
out to be [(7 22 + 2.8 )/cos 10] = 10.17 which agrees very closely to the ex- 
perimental value, [cf. tf-5.20 6 = 8.92 A, 0=10.25^, ^=100°] 

Almost complete absence of isoinorphous replacement is a distinctive 
feature of kaolinite and kaolinitic minerals. 

The exchange sites of kaolinite are on the exposed “OH groups (Fig- 3) 
of the hydrargillite surface and the base e.\'chauge capacity is due to the 
dissociation of these surface OH groups. The small exchange capacity of 
kaolinite is in agreement with this picture. Potentioraetrjc titrations of 
colloidal solutions of H-kaoliuite show two inflexion points (Mitra, 1941-42) 
indicating a dibasic acid character. To explain this, the subsurface OH 
groups surrounded by O ions {cf. Fig. 3) are believed by some to be able 
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to exchange its H at higher pH for other cations but a consideiation of the 
dimensions of the kaolinite lattice does not support such a possibility. 



Fig. 3 

(After Grunner) 

vSheet of 2 [(OH^ A12 SijOsJ proposed by Pauling Height of atomic positions may 
A ary slightly 

Hendricks ^1945) suggests that the exchange spots in kaolinite is dis- 
tributed along the surfaces lateral to the cleavage planes. Evidence of these 
lateral exchange spots has been obtained by studying the effect of grinding 
on base exchange capacity. In all probability exchange seems to take place 
from both types of surfaces, viz., cleavage and lateral. The difference in the 
binding energy of exchangeable' hydrogen at the two surfaces might perhaps 
explain the dibasic acid character of H-kaolinitc (cf. Ganguly 1949), 

PYROPHYI^LITE 

Pauling (1930) proposed the synimetrical layer lattice structure of 
pyrophyllite by the fusion of a hydrargillite layer with two tetrahedral 
layers of Si04 on the two faces of a hydrargillite layer. The sheets are 
stacked one above the other in the mineral. The calculated thickness of 
two such sheets slacked one above the other conies out to be (2 x 9.27) 18.54 
t^runer (1934I found 0=18.55 A and ^ = 9 q'’ 5S', 1. c - the thickness equals 
18 27 A. The layers are presumably held togelhei by Van der Waal’s forces. 
No acid function, unlike the OH surface of kaolinite, is expected to appear 
at the cleavage planes of such a layer lattice because of the absence of any 
lonisable group on the planes. 
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r MiC 

Pauling (1930) proposed a similar structure for talc where the 
hydrargillile layer is rejdaced by a brucite layer having the same dimensions. 
Gruner (loc. cit.) has also confirmed this stiucture. The neutral sheets are 
compactly stacked as before. Gruner lound c = iS.8i A and f 3 = joo° {i. e , 
thickness equals 18 53) and the calculated thickness is 18.90. In this case 
the surface layers of the sheets are similar to that of pyrophyllite and possess 
similar properties. 

M O N T M O R T L 1/ O N I T E 


Hofmann, Kndcll and Wilm (1933) proposed the pyrophyllite structure 
of montmorillonite minerals, with considerable isoniorphous replacement 
in the octahedral as well as in the tetrahedral layer. The negative chaige 
developed in the silica layer as a result of replacement of vSi by A) is 
balanced by the incorpoi atioii ot mono-oi bivalent cations as in rnmas 
(Marshall, 1935). Wherry, Ross and Kerr (1930) recognised Mg a.s an esstVn- 
tial constituent of moutmonllonite. From a large number of chemical ailu- 
lysis, Ross and Hendricks (1945! concluded • “The bases AT ', Fe'", 

Mu' Mii'^’^, Mg ' NF and ki^ ’ as naturally present in clays of the 
montmoiillonite group, are e.ssentially iion-replaceable and clearly form 
part of the crystal lattice. Ca*‘^ and Na'^^ on the other hand, and perhaps 
minoi amounts of other bases, are in general, replaceable. Wide variations 
in composition are encountered in which the octahedral A1 is paitly replaced 
by (i) Fe' ions for which the neutrality of the layei is not disturbed. 

(2) Fe"^'^, Mn'*'’^ and most of all by Mg^“ giving rise to a negatively charged 
sheet whose charge is balanced by the incorporation of mono-or bivalent cations 
in the intershcet space. Fiom analytical data and a.ssiiming piesence of 
Iiyrophyllite skeleton 111 nioiitmoiillonite minerals, Ross and Hendricks (19411 
{cf. Hendricks, 1942) gave the general formula ■ 


(A1,.„R^2J 


Octahedral layer 


1 


fAl„, Sl*_„.) Oiu (t)fJ)a xHaO 
4 Tetrahedral layer 


for montmoiillonite which the balancing cations are are 

exchangeable. 

The exchange spots and exchangeable cations of- montmorilloiiilc lie 
to a greater extent between the silicate layei s and only to a smaller extent 
within them (Marshall, 1935), Nagelsclunidt (1939) obtained a quantitative 
agreement between the observed b. c. r. and that calculated on the basis of 
isoniorphous replacements According to the estimate of Hendricks, Nelson 
and Alexander (1940), 80% of the exchange positions are situated in the 
basal planes, the lemainder on the edges of the particle flakes. A distinction 
between the H-ious 'Or other cations in between the cleavage planes and 
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Fig. 4 

(Aftei Hofmann) 

Schematic diagram of the crvslal strucluic of pyiophyllitc, 

tliose OD ‘ the external surfaces becomes possible on the basis of tl.e 
intensity of the electrical field in these two locations ; their behaviour 
in exchange reactions should therefore be different. Potenlioiiietric 
litratiori of colloidal solutions of ll-moiitinorillonite with alkalis, 
however, .shows one inflexion point indicating a monobasic acid 
cluuacter. It is piobable that the dissociation constants of Ihe acids are too 
dose to show more than one inflexion in the curve. 

A characteristic feature of the montmorillonite lattice which distin- 
^mslies it from pyrophyllile is the reversible swelling of the former in water. 
Hofmann et al (19,-9) from X-ray diffraction studies observed that water taken 
up during swelling enters the space (where exist the replaceable cations of 
the mineral) between the silicate layers of the mineral (ct. Ross and dhaunoii, 
1026) “The swelling is piiinarily due to the micaceous habit"). Thus while 
the other lattice dimensions remain unaltered and are closely equal to those of 
pyrophyllile or kaoliiiile, (cf. belovvl the c-axis becomes variable ; the distance 
depending on the water content. The adsorbed water molecules are readily 
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given off on heating. Hofinami observed reversible dehydration up to a 
leinporature of 55o°C. The lattice remains intact even up to a temperature 
of 800 '"C, above which it breaks down 

Water absorption by montniorillonite is a complex phenomenon and 
they are very closely related to its crystalline structure. Bradley, Grim and 
Clark (1937) from X-iay diffraction studies of oriented samples of inont- 
morillouite observed stepwise variation in swelling with humidity (cf. also 
Nagelsclmiidt, 1936). Bradley ei al (loc. cit.y attributed the stepwise 
increase in swelling to the formation of definite hydrates containing 2, 8, 14, 
20 and 26 molecules of water corresponding to (ooi) spacing respectively 
equal to 9.6A, 12. 4A, 15. 4A, 18.4^ and 21. 4X. The minhnnm value for 
(001) of montmorillonite agrees well with that for margarite (9.58X) and 
muscovite (9.96!) (cf. later), which suggests that isomorphous replacement 
ill the lattice has not produced any change in lattice dimension and packing 
of the sheets takes place in a way similar to that in micas 

Hofmann and Bilke (1937) showed that at a fixed humidity the swelling 
of montmorillouites depends on the nature of the exchangeable cations 
as well as on the pH. Hydration of the cations (Wiegner, 1931 ; Bar and 
Teudeloo, 1936) can explain neither the magnitude of the swelling nor tlie 
differences in the relative effects of the cations. From a study of low 
temperature endothermic effects showm by "Thermal curves", Hendiicks 
ei al (1940) concluded that a very small i>art of the water absorded can ha 
accounted for by the hydration of cations. 

According to Hendiicks and Jefferson (1938) water molecules m betiAeen 
the sheets form a hexagonal net by secondary bonds between f) and H (also 
Hofmann, 1937) as in Fig 5. One-fourth of the hydrogen atoms m the 
net remains Tree’ from bonding by secondary valence foice. The.se hydro- 
gens are anchored on the oxygen atoms of the adjacent layers like O 

linking between two sheets in kaolinite. This OH. .0 bonding in the 
absorptions of water is not, however, as strong as a similar bonding hi 
kaolinite 

Russell (1934) attributed the swelling of montmorillonite to the polaiisuig 
properties of the cations lying on the surface of the packets. In view of 
various isomorphous replacement in montmorillonite considerable strains are 
brought to bear on the lattice, which hamper the growth of the crystals to 
large dimensions and only minute crystallites are formed icf. Hendricks, 
1942), This gives rise to a large surface and a Targe number of exposed 
cations. 'I'lie co-ordination valencies of these cation.s polarise the water 


a 


b 

Pyro : 

5-14 

8.9 

Kao : 

5-14 

s.g 

Mont : 

5-095 

8.83 
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molecules aud draw them to the surface where water molecule may be con 
tlenscd into a pattern as suggested by Hendricks and Jefferson Hoc ciL,} 



IMG 5 

(After Hctidi icks and Jtffcihou) 

(ii) Hexagonal not of water molecules. Laige spheres repicseut o.xygeii atoms and 
small sphers hydrogan atoms, doited lines indicate bonding through hydrogen 
[b) Probable stnu'ture of multiple water layers 

Hendricks and Jefferson's inechaui.sm of condensation of water molecules 
can also lie Visualised on the exposed surfaces of pyrophyllite, talc, kaolinitc 
as well as on the surfaces of powdered micas. But because of the electrically 
neutral character of the compact packets expansion along the c-axis does 
not take place by the adsorption of w’ater in between the sheets The adsorb- 
ed water molecules in the above cases can be easily removed excepting some 
in the case of micas, depending on the nature of the cation exposed- In the 
case of moutmorillouite too the observation is similar to that suggested for 
micas (Ganguly and Gupta, 1948). There i.s an essential difference between 
the adsorption of walei on the surface of a particle composed of several 
packets (as m mica) and that in between the packets as in raontmorillouitc, 
wheieas in liie first case i)ai tides after maximum adsoiption of water does 
nol show any expansion along any axis Avhile inonlniorillonitc expands along 
the (’-axis. Hendricks and Jefferson’s mechanism, though offeis an explana- 
tion for characteristic adsorption of water m the case of iiioiitmonllonitcs, 
^loes suggest why the same thing does not happen (i-e., adsorption of 
Water in between the sheets of a mica particle) in the case of powdered micas 
(and pyiophyllite or talc). 
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Grim (1942) pffered more convincing explanation for the non-expandiu^ 
lattice of micas. In moiitmorillonite, isomorphoiis replacements by lower 
valent cation take place mainly in the octahedral layer, in micas it is almost 
entirely restricted to the silicate layer. The centre of the negative charges 
resides nearer to the surface in the latter case and thus the cations are 
strongly bound to the surface thereby strongly binding the sheets together. 
In the case ot montmorillonite, the centre of negative charges reside pre- 
dominantly deep within the body of the sheets, but the charge neutralisation 
is made by incorporating cations on the surface ; the sheets are thus tied com- 
paratively loosely. In the neighbourhood of the surface there exists a nega- 
tive electric field to orient the water molecules with their hydrogen atoms 
directed towards the surface. The force of attachment between the sheets 
being loose the sheets can be comparatively easily lifted, so to say, allowing 
further water molecules to get ni and attach themselves to the sutface as well 
as to hydrate the cations in between the sheets. 

A T T A r U L G I 'J' B \ 

De Lapparent (1935) gave the name attapulgite to a clay mineral in Fuller's 
earth from Attapulgus, Geoigia and Mormoiii, France, Bradley fiom 
X-ray studies proved it to be a fibrous iiimeral (1940). Bradley pi oposed 
the structure (Fig. 6) which consists of a hrucile layer fused between two 



Fig. 6 

(After Bradley) 

Idealized proposed stiucture for attapulgite projected on to (001) 

silica layers. The brucitc slruclure, unlike that in talc, extends only ni one 
direction instead of two. Consequently, iu.‘tc«id of sheets, fibres or rods 
with the 6-axis parallel to the length of the fibres are obtained. The Si-O 
chains running parallel to the c-axis are similar to ainphibole chains (Waireiij 
1929) so that the silicate layer as viewed from above is continuous. Chains 
of water molecules also mu parallel to the c-axis and fill the interstices 
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between the ions and this water is lost below loo'^C without materially alter- 
mg the diffi action patterns. An equal amount of water is co-ordinated 
about Mg. It IS less easily removed. Finally, the water which is expelled 
above 5oo-6oo‘’C comes from the OH groups of the lattice, the unit cell 
containing four of them. The cell has the ideal composition. 

(OHa). (OH):^ Mg, SieOao- 4H.O 

In attapulgite, most of the charge on the silica chain frame-work is 
balanced by the structural brucile layers, leaving only a very small residue 
to be balanced by mobile cations (Marshall and Caldwell, 1947) and Marshall 
allnbiitcs the b.e-c. of the mineral to such cations. 

M U C U V I T P H Iv ( ) G O P 1 T K, H T L 

IJy the replacement of one-fourth of the silicon ions in pyiophyllite and 
talc by Al ions, layers with a negative electric charge corresponding 
rc.spectivcly to the composition, AFAlSigOjofCH), and MggAlSisOiolOHlz 
arc obtained. The excess negative charge of such a sheet is neutralised by 
the incorporation of an equivalent quantity of K-ions in between the sheets 
as 111 miuscovite (Fig. 7) or phlogopite. K-ions occupy the centre of two 



O k* 


HAOLlNITE 

Fig. 7 

(Afiei Pauling) 

The htructure ol uiicB, brufite, and kaoliiiile, .showing the .sequence of lavcr.s normal 
to the cleavage planes. lyarge circles represent O' or OH (or when so marked) , 
.small onc'vSi'^or AP+ at tetrahedron centte.s and 01 at octahedron 

centres. 
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hexagonaJ oxygen rings on opposite sides as in Fig. S. The intersheet 
distance can be calculated assuming a close-packing and the diameter of 
K=- 2.661 (Fig. 8), 




Fig. 8 

The sides of the hexagonal ring equal those of a tetrahedron i.f., 
2.9 sin 60 = 2.51!, Picturing that in such a ring, the K can enter that section oi 
its sphere whose diameter equals 2.51I, the thickness equals to 2.51 + 0.S8 
= 3 39I. This value of 2,51 is taken in this case, as well as in all cases of 
binding of adjacent layers by the incorporation of cations instead of 2,8 
Pauling (1945) has actually lound such shortening of oxygen ion diameters in 
minerals such as rutile, anatage, corundum etc., and ascribes this shoitening 
to the strongly ionic character of the minerals. A very strong electric 
field can easily be visualised to exist between the_ adjacent layers of 
muscovite and similar minerals 

The values calculated from Mauguin’s data (1913) are, for intersheet 
distance, in muscovite (10.06 cos. 8“6'-6.47) = 3.48I, in phlogopite(io 24 
cos.io“ 2'-6.65) = 3.43l| and in biotite (10.16 cos. 9°3'6. 65) = 3.38!. 

In margariie (Ca-mica) the sheets of mteilinked tetrahedra have half 
of its silicon replaced by A1 The double negative charge thus developed 
is neutralised by the incorporation of Ca-ious just as by the K-ions in niiis- 



B. E. C. and Crysialline Structure o/ Silicate Minerals, etc. 247 

covile Pauling (iQ-ls) puts the radius of Ca equal to o 99 i. U therefore 
fils loosely in the hexagonal oxygen ring of two adjoining sheets. The 
mteisheel distance then should cqualto a.siX. a value which is lower than 
Maugin's data (9.73 cos. io°8'-6, 47 = 3.11 &). Maugin's sample, however. 
Joes not correspond to the ideal formula, on the basis of which the theore- 
tical value has been calculated. The results of calculation made with a 
number of minerals having the same basic struclure as muscovite, but differ- 
Liil isomorphous replacenieiiis are shown below. It is clear fiom these data 
llial isomosphous replacements do not appreciably disturb the original com- 
pactness of the mica structure, and the agreement between the calculated 
values suggest the absence of distortion in the fundamental units 

Because of the compact nature of lliese miiieials, the cations trapped 
uilliiii the sheets do not become replaceable like the cations which occur 
on the surface Kxcept in the case of /unwalditc and lepidolite, the surface 
negative chaiges in the sheets developed as a result of isomorphous leplace- 
meiit almost entirely in the letiahedial layer, are completely neutralised 
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by the inclusion of cations The sheets with equivalent cations in between 
them are as neutral in their behaviour towards a dipole like water as kaol- 
mite, pyrophyllite, talc, etc, are. These minerals do not swell in water, 
they do not show tlui phenomenon of expanding lattice as do the montnior- 
illoiutcs. When these minerals are powdered, more and inoie of the inter- 
sheet cations are exposed to the surface, which then in water may absorb 
tlicir water of hydration. 


I b b I T R 

The micas exhibit a bewildering variety of composition in which isoinor- 
phous replacement may occur in the octahedral layer such as replacement 
of octahedral AV‘^ by as in illite, as suggested by Hofmann and 

Maegdefiaw (1937) , the excess negative charge in part may be balanced 
by the substitution of OH for O. Both and Fe^ ® ions may also replace 

some octahedral Ar^, The general formula of illite or the hydrous micas 
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is given by Grim (1937) as 2KaO,3R O.8R2 O3. 34Si0a,i2H20 and distingu- 
ished them from muscovite mica by their relatively small content of K and 
large percentage of water. Only 15% of the Si, and not 25% as in musco- 
vite nnca, is replaced by Al. 

The K-ion of the micas becomes accessible for ionic exchange as soon 
as the cleavage surfaces become exposed. Besides these, some exchange 
l^osilions will also be available at the lateral surfaces. 


lifleci oj particle size on b.e.c 

It has become clear from the above discussion that physical 
accessibility of the exchange spots is one of the limiting factors determining 
b.c.c. A decrease in particle size is therefore expected to increase the 
b.e.c. by way of exposing a large number of exchange spots. Without 
bringing in any further complications, it is possible to visualise a 
progressive bi caking of the lattice to appropriate dimensions and thereby 
calculate the percentage exchange capacity 

On the basis of the crystal structuie envisaged in the earlier section, 
a more detailed analysis is possible of the conditions arising out of breaking 
the lattice into smaller sizes. The paiticle size is usually reduced by a 
process of grinding. Naturally, the grinding results in the separation of 
the particles along the cleavage planes. But breaking along the lateral 
planes is not excluded and under certain conditions the latter type of break- 
ing may be appreciably large. 

( )xygeu 10ns on the basal plane of the tetrahedral layer is 'arranged a.s 
in Fig. ir, 

Kaohmlc — When kaolinite is powdered breaking is expected to take 
place (i) along the cleavage plane so as to give rise to thin plates, exposing 
more and more of OH planes of the hydrargillitc and basal O plane of the 
silica ; (11) along the plane perpendicular to the basal plane, which may cut 
through the shared edges of the octahedral layer. If the tetrahedra and 
octahedra are looked upon as rigid configurations then breaking along this 
plane produces little complications The breaking may also take place along 
aii> other plane perpendicular to cleavage plane m which case it will pass 
through the configurations of (a) Al octahedra, or (b) vSi tetrahedra, in the 
latter case of course the plane must pass thiough the Al octahedra as well 
However ia) involves the rupture of a smaller iiumBer of valence forces 
than (b). 

A breaking of the Si-O-Si linkage in the presence of moisture may lejd 
to hydrolysis, thus Si-O-Si + H ()H = SiOH, OHvSi. The H ions of OH ’s 
on the site of cleavage become exchangeable. When the octahedion 
sharing the edges breaks along the edge, the two OH ’s at shared corners 
may distribute equally amongst the two units as follows 



B. E. C. and Crystalline Structure of Silicate Minerals, etc, 249 



and also breaking of the Al-O-Si linkage iii ihe presence of moisture may 
lead to hydrolysis, thus Al-O-Si + H. OH = Al-UH, Si-OH. 

The H-ions of the OH’s remain replaceable as in the iinshaied condition 
l,iit A 1 atoms occurring on the broken surface may also be exchanged for 
olher cations The H of OH groups, thus developed on the Aboctahedron 
and til- tetrahedron surfaces, will naturally be different in their reactivity 
(Gan;: Lily, 1949b Phosphate fixation by kaolinite has been traced by 
Murphy (1939) to the — OH groups linked to A 1 

Increase of b. c. c of kaolinite on grinding has been observed by a number 
of workers (Shaw, 1942; Kelley and Jenny, 1936). It is obvious that the 
iatcial breaking which takes place on giindiiig kaolinite will make more A 1 
susceptible to attack by chemical reagents siiiiilai to that observed by Kelley 
and Jenny (1936) in the case of talc where Mg is exchanged for other 
cations. Mui shall and Paver (1934) also obseived that increasingly large 
quantities of A 1 could be extracted from soils and bentonites by treatment 
with dilute acids and salts. The large quantities of A 1 exti acted by dilute 
acids and salts indicate that possibly Al-ions residing well within the lattice 
are attacked through the side of the lateral breaking Therefore, no 
coiielation between the ainount of extractable A 1 and change in b. c c. is 
to be expected. 

It can be shown from consideration of the lattice dimensions that the 
position previously occupied by Al-except those on the surface, does, not 
become available for exchange by other cations except H'^-iou*'. 

The displacement of A 1 through the lateral surface by H-ions causes a 
hcpaiation between the oxygen ion surface of the tetrahedral layer of the 
opposite sheet and the — OH ion surface of the sheet from which AI is dis- 
placed by a distance of 2.37A, assuming the crystal structure of kaolinite is 
not disturbed or di.storled. Even the diameter of the non-hydrated cations 
K, Ba, NHj, etc. are greater than this distance of separation ; the more so aie 
all the hydrated ones. H-ion may be considered to behave as a single proton 
jiisi)Uc of its heavy hydration, which it perhaps does by slipping off from its 
hydration sheath, while entering a lattice. It thus appears that the OH’s 
tkveloped by the dissolution of Al from the body of the lattice are not physi- 
cnlly accessible for ion exchange except those occurring near about the 
sui face of the particles. The amount of AljOa extracted fiom the crystal 
iiucl the change in b. e, c. are therefore not correlated. Mention may be 
™ade in this connection of the observation of Kelley and Jenny (1936), who 
oliseived that grinding renders the Mg of the octahedral layer of talc, 
3-'1738P — 6 
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biotite, etc., exchangeable by NHj and eventually by hydrogen. They do 
not appear, howevci, to contribute to a corresponding increase in b. c\ c. 
Although not exactly analogous, a siiniler process is also operative in kaoli- 
nile which makes octahedral A1 susceptible to attack by dilute acids and 
salts 

Mica — Grinding of micas will break the crystals mostly along tin.* 
cleavage plane, exposing K-ions which become exchangeable. As the si/e 
of the crystallites ivS gradually reduced the total exchange .spots increase in 
number and corre.spondingly more ions are displaced by exchange with otliei 
cations. Kelley and Jenny (1936) found that Mg, which occupies the octahe- 
dral position, is also extracted from biotite by means of an ainmoniuni acetate 
solution. The relationship between the amounts of K and A1 and the h. c c 
in mica has not, however, been clearly shown. The exchange spots of mica 
like the kaolinite, are by 110 means restricted to those occupied by K-ions at 
the cleavage surface. They may occur also at the lateral surfaces arising 
from the OH ions linked to A1 and vSi. Potentiometric titration curv\^‘S of 
H-inica with alkalis obtained by Milra (1934) demonstrate the exislenpe of 
exchange spots having different bonding energies. vShavv (1942) and Grim 
(1942), in fact, believe that in illites the broken bonds developed on the 
lateial surface contribute to a large extent towards their h. e. r.’s. 

Pyrophylliie. ^'When pyrophyllite is powdered, breaking takes place 
most easily along the cleavage plane, but thereby no surface with iouisablc 
group appears. The stacking of sheets become thinner, so that only the area 
of expo.sed tetrahedral basal idanes is increased. When breaking takes place 
along a plane perpendicular to the basal plane i e., along the one (a.s lu 
kaolinite) that cuts through the shared edges of the octahedral layer and 
through the shared corners of the tetrahedral layer, then the OH spots 
developed along each face of the plane of powdering, are of two types fa) 
OH’s linked to Si and (b) OH's linked to A1 By the above breaking and 
also breaking along any other plane not passing through the tetrahedral 
configuration, but passing through the octahedral configiuation opens np 
A1 for exchange by other cations. 

Talc . — In the case of talc, grinding along the cleavage plane does not 
produce any new surface condition different from that on a similar surface of 
the pyrophyllite sheets. But a plane perpendicular to the cleavage jdanc 
will i^ass through the configuration of Mg in the bruciPc layer and as such the 
Mg is rendered susceptible to attack by other cations. Moreover, the fit 
between the bruoite layer and the tetrahedral Si layer is strained (on account 
of which, as Pauling (1930) stated, uusymmelrical lattice, analogous to kaoli- 
nite, cannot become stable). The Mg atoms or fit of theii configurations on 
the suiface of the broken faces are strained and as such they are more siisceji- 
lible to attack by other cations i. e., they are in a labile condition on the 
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surface like exchargeable ions and hence grinding renders a very large part 
(if not all) of Mg atoms on the surface sufficiently labile as to make it 
exchangeable. 

Thus on the lateral surface of powdered talc develops two types of 
exchange spots, viz. (ij due to the development of vSi-OH on the surface and 
(2) due to the development of -Mg-OH on the surface. Magnesium being 
a comparatively strongly electropositive metal, the H of OH linked to it, in all 
probability does not possess an acid function 'Thus the development of these 
spots do not contribute to the base exchange capacity of powdered talc. Only 
the H of OH’s linked to Si gives rise to the observed b. e. c. Oil linked to 
.Mg can be looked upon to give rise to the anion exchange properties such as 
l)liosphatc fixation in powdered talc. Perkins (rgt^) made observation 111 
uliich he attributes the phospate fixation m kaobnite, talc and muscovite and 
[ililogopite to the broken bonds of A 1 and Mg in these minerals. It has been 
observed by Ire itiiieiit of (juartz and silica gel with N/30 HjPOi that -t)H 
linked to Si do not possess the anion exchange pro[)erties (Ganguly, 1949)- 
Monl}fio}iiloniic . — The exchange capacity of niontmorillonite, as stated 
earlier, is due almost entirely to isomorphous replacements. Hauser and Reed 
(1037) found that the b.c.c. of monlmorillonite does not vary with particle 
size, since particle size in montmorillonite is merely a reflection of dispersion 
of the mineral particles. The suggestion of an ultimate dispersion of mont- 
inonllonite into unit jilates was also made by Maegdefrau and Hofmann 
(1937). A definite increase in b c c. with diminishing e s.d. (equivalent 
>pherical diameter) has been observed by Marshall (1935) and also by Milra 
I't al (1942-43). A diminution of jiarticle size is expected to increase the 
area of exchange along the lateral planes and hence theic is a likely increase 
of the b.c c. although small. However, the increase of cleavage surface 
area biinilar to the minerals de.icnbed above will practically be mcaningles.s 
111 the case of niontmorillonite Kelley and Jenny (1936) and Jack.son and 
'Pniog (1939) showed that the exchange capacity of montniorillonilc could 
be greatly increased by fine grinding. Possibly the leal difference between 
fraclioiis of niontinori] Ionite is only one of plate area. This increase could 
not, however, be accounted for by the isomorphous replacements. Most likely 
the increased value of b.e.c is the contribution of the broken bonds on the 
lateial surfaces- Phosphate fixation by montniorillonilc can also be traced 
to llic presence of - OH groups linked to Al on the lateral surfaces. 

Quailz. — Quartz as a whole has an electrically neutral lattice but it is 
not clear how this neutrality is maintained on the sniface of quartz particles. 
On grinding quartz crystals the 0-ions exposed on the surface may be shared 
as follows . 

Si-O-Si vSk / Si 

= > 0 + 0 \ 

Si-O-Si SK Si 
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Accordingly, quartz powdei will possess no base exchange properly. Kelley 
snggesled that as a result of the orientation of water molecule on the surface 
of quartz pai tides, they may show a low but appreciable b.c.c Kelley and 
Jenny (1936), who attempted to estimate NHi adsorption by quartz powdei 
could find almost none at all. Van der Meulen ( 1935) observed that Ca is 
adsorbed by powdered quartz but no NH4 adsorption from NH4N()3 solution 
used to reiilace adsorbed Ca. It has been found earlier by one of the 
authors (Ganguly 19^9) that the determination of exchange capacity of 
systems like silica by NH^ adsorption is not correct. 

If however, breaking is accompanied by the taking U]) of a molecule of 
Awitei , the follo\^ing hydrolytic cleavage may be pictured ■ 

Si- O-vSi 

►Sj-oh, ho. S i 

OH H 

The H of the Oil group may dissociate and thus gives rise to exchange 
siJots on the surface Naturally, the H ion will have only a weak ^acid 
function as in silicic acid (II iSiOa) to which grinding, accoiding to this piefpre, 
ultimately leads to Quartz will no doubt show increase in b c.c. with 
decrease in paiticle size but Kelley and Jenny (1936) are of opinion that the 
increase will be much less than in the case of kaolinite and other minerals 
It has been observed (Ganguly 1949) that quartz and silica gel posse.ss base 
exchange capacities 

In a seiies of papers to be imblished shortly it is emphasised that tin- 
ion exchange behaviour of the exchange spots in 1011 exchange bodies is to a 
large extent determined by the chemical nature of the atoms or groups to 
which the exchangeable ions or groups are attached 

SUMMARY AND CONCLUSIONS 

1. Previous investigations bung out niaikedly the ill-defined charat lei 
of the b e.c. of .soils and clays. Coiicoidant values arc seldom obtained by 
the various methods 111 vogue. Though many ti eat colloidal clays as “ ad- 
sorption complexes or mixed gels, their crystalline nature is established 
now, still there docs exist considerable amount of confusion in our unders- 
tanding of the base exchange proce 5 .s because of our insufficient knowledge 
about the chemical, physical and as well the electrical nature of the .sin face of 
clay micro-particles. 

2. Ill the proposed layer lattice structure of /:l-cristobalite and 
/ 9 -tridymite by Pauling the tetrahedra terminating on the surfaces of smli 
minerals have alternately one unshared coriici. At the unshared corners tlieie 
is one unit of valency to be satisfied, which can be achieved by the iiicoi- 
poration of an atom of hydrogen or equivalent cation there- In such a cas^ 
some sort of acidity at the .suiface can be visualised. 
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3. The H of OH’ ions on the cleavage surface of kaolmitc are expected 
to have some weak acid tunction like the H of OH ion of a hydrargillitc 
layer. Kach of the layer lattice m kaolinile is a neutral sheet stacked one 
above the other, -OH face of one facing the basal oxygen face of another 
and are held to one another by hydrogen bonds, '[‘he slacking is a compact 
one and entry of cations to displace the H of OH ions from these trapped 
surfaces is restricted by their greater sizes. Fusion of the fundamental units 
by the stacking of layers does not produce any distortion in the fundamental 
units. 

4. In kaoliiiite exchange reaction is likely to lake place from the 
clcLivagc as well as from the lateral planes. The difference in the binding 
energy of exchangeable hydrogen at the two surfaces might give rise to 
dibasic acid character of H-kaolinite. 

5 111 hydrogen montmorillonites a distinction between the H-ions in 
between the cleavage planes and those on the external surfaces becomes 
possible on the basis of the intensity of the electrical field in these two 
locations. iL is probable that the dissociation constants of the acids in two 
locations are too close to show more than one inflexion on potentiometnc 
titration 

6 1'he experimental value of a and 6-axes for monlrnonllonite are 
closely equal to those of pyrophyllitc and kaolin ite From water adsorption 
studies of montiiiorillonite it appears that isomorphous replacement in the 
tetrahedral or octahedral layers has not produced any change in the funda- 
mental lattice dimensions and packing of the sheets take.s place in a way 
similar to that in micas. 

7. The calculated intersheet distances, assuming the proposed packing 
of K ion ill micas agree well with the experimental value. The effective 
diameter of the basal oxygen ions being taken to be shortened to 2.51 from 
2 8 X. which was taken m the cases of kaolimtc, pyrophyllitc and talc due to 
the very stiong electric field existing between the adjacent layers of micas 

8. In the case of micas too, isomorphous replacement does not appreciably 
disturb the original structure. Because of the compact nature of these 
minerals, the cations trapped within the sheets do not become replaceable like 
the cations which occur on the surface- In the case of hydrous micas the 
centre of negative charges in the packets lie removed from the surface (like 
that 111 moutmorillonitc) and as such the negative field appears somewhat 
diffused on the surface and hence, like montmorillouite, illite is expected to 
show some swelling in water. 

9. Physical accessibility of the exchange spots is one of the limiting 

factois determining b c.c. A decrease in particle size by grinding; is 

therefore expected to increase the h.e.c. by way of exposing a large number 



254 S. K. Mul^herjee and A. K, Ganguly 

of exchange spots. Naturally, the grinding results in the separation of llu^ 
paiticles, along the cleavage planes, but breaking along the lateral planes is 
not altogether excluded and under certain conditions the latter type of brea- 
king may be appreciably large. 

10. In kaolinite as well as in other minerals, bieaking of the 
linkage in tlie presence of moisture lead to vSiOH, e.g., Si-d v^i + H ()Ii 
= Si-OH, OHSi, when A1 octahedron, shaiing the edges, breaks along the 
edge, the two OH’s at shared corners may distribute equally amongst the tv^o 
units The H of Oil groups thus developed are expected to take part in 
cation exchange differing somewhat in their reactivity. It is obvious that 
lateral breaking which lakes place on grinding kaolinite for any othc/'aliimim)- 
silicate) will make more Al susceptible to attack by chemical reagents. 'I'liu 
large quantities of Al extracted from soils and bentonites by dilute acids and 
salts indicate that jiossibly Abions residing well within the lattice aic 
attacked through the sides of lateral breaking. Therefore, no correlation 
between the amount of extractable Al and change in b e.c is to be cxpwted 

II The exchange spots on the surface of ground mica like the kaolinite, 
are not restricted to those occupied by K-ions on the cleavage surface. They 
may occur also at the lateral surfaces arising from the t)H gioups linked to 
Al and Si. 


12. rire h.c.c of pow’dered pyrophyllile is traced to the OH groups 
linked to vSi and Al, developed on the lateral broken sui faces 

13 The exchange capacity of montmoiilloiiitc is due a^mosl entirely 
to isomorphous leplaceiiients and in all jirobability exchange pi edominaiitly 
takes places from the cleavage sui faces of unit plates or sheets of 
montmoiillonile Nevertheless, a diniinulion of particle size is expected to 
increase the area of exchange along the lateral surfaces and hence there is a 
likely increase of c.c in inoniiiionllonile with diminution in particle size 

1^1. It IS proposed that quartz powder should have base exchangu 
capacity, which they actually have 
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SOME NEW RELATIONS IN THE INTERVAL FACTORS 
AND THE GENERAL CASE OF THE I' ELECTRON 
CONFIGURATION 

By V. RAMAKRISHNA RAO 

(Received for publication^ February 2 ^, ig=io) 

abstract An investigation of the regularities in the inultiplcl separations in spectial 
iLiins dueto/>", d\ and/" electron configurations has led to the formulation of two new 
iheoicms Thes' enabled the calculation of multiplct separations for certain terms in anv 
umliguration of the type T, thus avoiding the labnioiis work involved in Goudsinit't. 
method The theorems are stated and their apttoti proofs are presented Using these 
ihf-orenis, the separation factors are calculated for certain terms in /«, /6, /*> configurations 

Following the method given by Goudstnit (1928), the author (Rao 1948, 
UJ49) has calculated the multiplet separations in the spectral terms arising 
out of f\ f and /’ configurations. A comparative study of these results along 
with those already known (1928) for /)" and d" electron configurations led 
to an observation of interesting regularities leading to certain general 
foimulae for the calculation of the multiplet sepaiations. 1 l is the purpose 
of this paper to discuss these new regularities and present the formulae. 
^priori proofs of the formulae are also given. Applying these formulae, 
tlu .^eiiaration factors are calculated for terms (to which they are applicable) 
ill the configurations /■\ f. A comprehensive table (Table 11 ) of A 
factors for / configurations is given at the end, which is expected to be of 
use 111 working out the analysis of the highly complex spectra of rare earth 
elements, our knowledge of which is meagre 

Table I gives the known separation factors, for terms of different electron 
eoii figurations calculated by the Goudsmit method It is seen that the values 
ol these factors for the higher multiplicity terms of a set of configurations 
are the same. For such terms, a simple generalisation seems to hold : — Ihc 
separation factors have the value aft 7 vheic r is the number of electrons. 

1 


Cotifiguralion 

Terms 

A 


3p 

1/2 n 



1/2 a 

/=* 

m, ^F, 

1/2 a 

dt 



r 

</, *G, *F, *D 

1/3 0 


,i-.i758P--6 
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The validity of this generalisation can be seen from the values for /'. 
We have here the unique vvavefunction (3* 2^ oM giving for whicli 

?JJ, = 3/2 + 1 + i/2 + o=3, which is =12 /I (weak field). This gives tht 
separation factor ^4 = 1/4 a, and 4 is the number of electrons. This value 
is the same for all the quartets. The same verification can be made in other 
configurations as well The results are given later. Hence the followitiK 
generalisation . 

That for all terms of the highest multiplicity occurring in any equivalent 
electron configuiation of the type F the separation factor is given by A=a/i 
where r (the number of electrons) is less than half the total capacity of the 
shell. The factor A is also independent of /. 

An aprioii proof of the generalisation is easy ; 

We have 

r = i/2 A[J{J+i)-UL + i)-S{S + i)] 

Since J=L + S, for the terms of the highest multiplicity with the highest 
L values, ^ 

r = i/2 A [{L + S) {L + S + i}-L{L+i)-S{S + i)] 
t = ALS. 

This is equal to SrWi ni ,, where S,. means summation over r electrons 
Tor highest multiplicity terms, m, is always + J and 1 i-s = i-. So the 
sumination reduces to {a/2)L- So we have A = {aj 2)LI I^S, if L is not zero. 

So A = al2S and S=rl 2, 

A^a/'r. ^ ... (i) 


When r = N/2, where N is the total capacity of the shell, fhe maximum 
multiplicity term is an .S term for which the factor is zero. 

(2) A general formula for the separation factor for the next lowei 
multiplicity tern can also be derived particularly for those with highest L 
value. 

We have 

■ LS~ 


In the terms of multiplicity next to the highest we have (r-i) electron'^ 
with parallel spins [m, values = +4) and successively decreasing values of 
mi i.e., I, l-i, etc., and one electron with antiparallel spin = 
and mi=l- 

L = l + l+il-i) + U~ 2 ). . . . (/-J- + 2) 

_ 2r/-(r— i) (r— 2) 

2 

and 5= (r-2)/2 

rVUm\=^[(,l-l) + (l~2) . . , (/-T + 2)] 

^ 2ir-2) l - (r-i )(r-2) 

4 


V 



J^etv Relations in Interval Factors of F Electron Configuration 259 



Configuration 

Term j 

Separation Factor 


an 

i/S « 

di 

3H 

l/lO rt 


*L 

r/A ^ 

f* 


1/6 a 

P 


1/9 fl 


SL 

1/16 a 


Table II 


Muliii>lct Separations for Equivalent f electrons 


Loufiguration Multiplct 

-4 

Total Separation 

1 1 

Configuration 


ii 

7/2 fl 

_/l 3 

fi >II 

1/2 a 

11/4 fl 

_/12 

ir 

1/2 a 

7/4 fl 



1/2 a 

3/4 a 


/a 4/ ' 

1/3 « 

13/2 fl 


4 G ' 

1/3 « 

9/^ fl 


4 /r ; 

1/3 0 

7/2 n 


4 /; 1 

1/3 a 1 

5/2 fl 


z/. 

j /4 a 

17/8 fl 


ZK 

9/28 tt 

135/56 fl 


2/ i 

2/21 a 

13/21 fl 


m) 

3/10 a 

33/20 fl 


(ZG) 

1/30 « 

3/20 fl 


(ZF) 

1/6 fl 

7/12 fl 


(z/;) 

1 1/2 0 

5/4 « 


Zp 

1 

0 


/4 6/ 

j /4 a 

13 '2 rt 


SG 

1/4 fl 

9 /a fl 


5 p 

t /4 fl 

7/2 fl 


fij) 

3/4 fl 

5/2 a 


3 A/ 

1/6 a 

19/6 fl 



1/5 

11/2 fl 

-/» 


1/5 « 

7/a a 


bp 

1/5 « 

3/2 fl 


4 M 

l/q fl 

39/6 fl 


7 P 

1/6 fl 

7/2 fl 



1/16 fl 

17 /S fl 


F All terms 

0 

0 
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The first three values agree with the values obtained by direct calculation 
The values for the other three terms are our predictions from the formula (2! 
derived above. 

^riie final results are collected in Table II. The values for the terms out 
of are zero as 7 is half the capacity of the / shell. Configurations contain 
ing moic than 7 electrons give the same terms and .so the same separation 
factors as those due to less than 7 electrons, ?.e., /' gives the same terms as 
where N is the total capacity. To indicate this, corresponding con- 
figurations arc also given, with a negative sign to indicate inversion m 
the last column. Total separations are also calculated and given Column 4. 

The Table II is given in two paits. The jiart relating to 
embodies the results obtained by the direct procedure of Goudsmit. In thu 
other part are given the results in the other configurations for which Ibc 
results are calculated from the two theorems given by the author. 
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EFFECT OF TIME LAG IN THE MEASUREMENT OF 
DELAYED COINCIDENCES WITH 
G. M. COUNTERS 

By B. D. nag , vS. .SEN AND S. CHATTERJI 

(Keccjued /or pubUcatwii, May, t, 1^50) 

ABSTRACT. A matlieiiiatical expression for the delayed t'oinddences between two 
0 ^1 counters have been derived for both instantaneous and delayed radmtion.s passing 
Ihiongli the counters In deriving the expressions, the time lag between the ionizing event 
aid its recording by the O. M counters has been assumed to have a Gaussian distribution 
as 11 fiist approximation- The distribution function for the lime lag has been found to 
(hfler from the Gaussian error function. Kxperimental curves can be checked against 
deduced inequalities. These checks have been nsed to check published curves for the 
delayed coincidence method of determining short-lived meta-stable states in isomeric 
luuleii 

111 njeasnriiig half lives of uictastable nuclei, using the method of delayed 
coincidences between 7-rays as also between hard ^-rays and 7-rays, 
calculations given in the literature (Rossi and Nercson, 1942 ; Benedetti 
and McGeovvan, 1946] 1948: Bunyan and others, 1949) have to be modified 
to take into account the possibility of the p-or the 7-rays entering either 
counter. This is done assuming, with previous authors (Bunyan and others, 
1949), that there is a (iaussian distribution of the pulses at the coincidence 
stage for a given time of the ionising event. 

Let us consider the case of two exactly identical counters followed by 
l\\o identical channels A and B and leading to the coincidence stage. If a 
vaiiablc time delay can be introduced 111 channel , then for an event 

in the counter connected to the channel B, the probability of recording the 
pulse at the input of the coincidence stage between time / and i + dt is, 



Similarly for an event in the counter connected to the channel A, the 
[iiobability of recording the pulse between time V and V + is. 



where Ia and is are assumed inheient mean time-lags in the two counters 

and is the standard deviation of the distribution function of each of the 
2 
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counters. The probability of coiucicleiice with a delay la in channel A, is 


ij-hA + r] (td+A — 




where A= ti: — in and r are the width in each of the pulse of the channels A 
and B and 

f(x)= f ^ " ds. 
v'jT 0 

II will be no loss of generality to take A = o, (which is true when counters aic 
iclenticabj since this will only lead to a displacement of the curves in tliu 
figure along the i,/-axis by an amount A. 

Considering the case of a radioactive source hiving a inetastable stale 
wnh a decay constant A., the probability of delayed coincidence, when the 
first radiation enters channel A, in which a time delay /,/ is introducec|l, and 
the following radiation enters channel B, is given by, \ 




Af 




iiLZX - 

/oV 2 V '2 


' exp.(A.r) 


-li-hJ ](cxp.(-' At) exp. (-A/,,-1-iA'/o") ... (.^) 

( Wov /2 s/2 /) 

vSince it is equally probable, according to the usual geometry of the souice 
and the counters, that the fii St radiation enters channel B and the followinfj; 
one channel A , then in that case the probability of delayed coincidence is 
06 

V'2(A, b/)=y Ae-^'V(/,/ + = lA, -f,/) ... (j) 

0 

and iherefore the total probability for the delayed coincidence is, 


’/'(A, ia) =2’/'! (A, /d) + 2i/'i(A,-by) 


The expressions (i) and ( 2 ) were given by Bunyan ct al. 

It can be shown analytically that at f./=o, ^ =u, and is negative 

at u at fi‘ 

for all values of the parameters Iq, r, and A. This means that 
inaxiiuuin at ld = o in all cases. This is entirely expected from ai'iioii 
considerations and we have found that this expression gives a more accnidlc 
fit to the experimental curves. In the case where the geometry of the two 
counters is not symmetrical but each of the counters can receive holli 
radiations in different proportions, the analytical expression is similar and 
similar results can be deduced. 
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In deriving the expressions (i) and (4) the integration over t has been 
taken troiu — cx to +cv But since there is no piobability of coincidence 
during the time interval -cx to i,t, this integralioii inlrodiices an en or so 



that lire experimental cmvc appeal s to go to zero more slowly than the 
Lorrespoiidmg theoretical expressions as we have obtained m the case of 
L'o'"' (dotted curve). This raises the point as to whether it is justified in 
assiuiiing a Gaussian distribution The actual distribution in a counter i an, 
ni pi'inciple, be investigated and an analytical expression for the distribution 
fiiiiction can be obtained. 

'I'lie two function in the expressions (4) arc plotted separately for Ti'*" 
exerted states (Nag, vSeii and Chatlerjee, ig49) and the resulting curve 
liii I'lg. 1.) lies oil the experimental points for the metastable stale of IV" 
decayed from vSe*'' The delayed coincidence curve for Ti'*® as well as that 
for Co"'" shows that the maximum is at b/ = o, as we sliould expect analytically. 
Ill the case where one of the counters cannot receive one of the radiations 
involved (as in or cx-y coincidence exi>eriments) only the first term in 

equation (4) will remain and =t^c»at/j = u. Ihe maxiiimm of the curve 

dtri 

\vill then be at some positive value of tu. 

At = equation (4) becomes u) — o) and for all values of 
u) since V' (A, t,i) is iiiaxiiiiuiii at tu — o. From this it can 


be shown that 


V'llA, o) 

V^'x(A, U) 




. Now because, 
frf) 


ta) 


is a 
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positive quantity, the expression, 

^i(A, o) 

^i(A t,) 

This is a good check for all experimental curves and deviations from 
this would imply that errors have been made in plotting the time 
co-ordinate. 

A complete report on the experimental and theoretical portions of the 
work will be published in due course. 
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ON THE X-RAY LUMINESCENCE SPECTRA OF 
ALKALI HALIDES 

By APAEESH CHATTER JEE 

(Received lor publication, ApHl, 26, 1950) 

PlvATK VIIT 

abstract. The X-ray luminescence spectra of a few alkali halides have been reported 
111 thih paper The pure crystals get coloured due to new ali^orption bands created on 
irradiation. The emission bands are ntit characteristic of aiiv impurities present, and lienee 
tlicv represent lattice emission The impjitance of lattice emission spectra in elucidating 
111! cleLtronic ene,rgy states of solids has been discussed. 

INTRODUCTION 

Phyi.ically, there are two methods of exciting a solid to give lutiiiues- 
cciice ; I photoexcitatiou, t. e., excitation by ultraviolet light, and (ti) 
irradiation by corpuscular rays like cathode or /^-rays, tx-particles, etc. X-rays 
and y-rays also behave like corpuscular rays, since the photoelectrons ejected 
fioin a solid are the real stiraulatiug souices. The X-ray luminescence 
cdicicncy appears to be related simply to the ability of the rnatciial to absorb 
X-rays and \ts efficiency of light emission by the internal photoelectrons. 

Unfortunately, the luminescence of solids excited by corpuscular rays 
has attracted very limited alteulion, though it has a few distinct advantages. 
Pi unary X-rays produce a large number of internal photoelectrons of various 
energy, so that all the energy levels which may not be indicated on ultraviolet 
excitation are made to play their part With photoexcitation the question 
ahvays remains whether the energy is absorbed at special points or by the 
paierit substance, while with X-ray excitation it is always a case of transfer 
of ciicigy. Direct activation will rcquiic an exciting source of while light 
cKteiuIing tar into ulliaviolet ; thus it is impossible to produce similar 
Loiiditums by using uUraviolet radiations X-ray excitatiou of lumineaceuce 
IS uumecled with the crystalline lattice through the mobility of the internal 
phutoelcclrons, the excitation energy being carried lo the emitting centers 
by these electrons ; the presence of the crystalline field facilitates such 
tinnsfcr. In the absence of the crystalline field, vis , in solutions, there is 
110 perceptible luminescence nnclei X-rays even in the case of uranyl .salts. 

X-ray Uiminesceiice of alkali halides has been observed by comparatively 
few workers. Perriiie (1933) reported some early measuiements Rose 
'^P[ 7 ) studied the X-ray luminescence spectra of these phosphors in the visible 
n^Lioii with a glass spectrograph. In the present investigations, the ineasure- 
T11L1U.S reported by Bose have been extended to the ultraviolet region with 
luipioved technique resulting in greater intensity and precision. 

5 -17381'- 6 
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KXPKRIMENTAI, T15C UNIQUE 


An uureclificd Had ding -Sclierrer type of tube, run between 30 to 45 
kv at 10 to 15 niA, was used as the exciting source. The phosphors were 
mostly of Merck or Kaulbahni varieties, though other sources were also tried 
for comparison. They were prepared for mounting in the form of thin 
sheets (ill si/.es 2 cm x 2 cm x i min nearly) by pressing finely ground 
powders in a ball pi ess, carefully avoiding contaminalion. A small Fuess 
.spectrograph recorded the spectra which u ere standardized by a copper arc 
The location and relative intensities of the bands were determined with the 
help of a Moll type microphotomclcr of magnification nearly 7. Tlie 
measurements arc uncertain by +25 AU in most cases. 


R E S U Iv T S 


The spectra are presented in Plate VIII, the microphotogianis in figure 1, 
and the measurements in Table 1 . The following ])hosphors shoued' very 
weak glow — KF, KCl, TiCl, RbCl, — sometimes none, as in the case ofy,iBr, 
A few samples being highly hygroscopic (I/iCl, RbCl, Nal), could udt be 
photographed. 

A characteristic colour change developed on irradiation ; NaCl turned 
blue on light exposures, -deep blue on moderate irradiation, blue plus yellow 
or brown 011 prolonged exposures, and finally brownish blue-black on very 
long irradiation. Obviously the blue colour is due to the X-baiid at 4600)1 
(Mollwo 1931), atid the yellow and brown colours due to R, and Ra bsinds 
at 5450-^ and 5960^ (Moliiar, 1941, 1944) : the blui'>li black colour is 



Fig I 


Microphotometer traces of the X-rav luminescence .spectra of pure alkali halides, 
reduced, an wavelength scale is attached for comparison) (a)NaF, ^b) NaCf^O Nal^r: 
)d) KEr ■ (e) KI. 
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probably due to general widening of these absorption bands on heavy 
exposures. It lias been noted that softer crystals, like KI, RbCl, are difficult 
to darken at ordinary temperatures , when colouration is produced, they are 
easily bleached when left undisturbed for a few hours, or on simple wanning, 
tin the other hand, harder crystals, like KCl, NaF, NaCl etc. darken well 
and retain their colour — an observation similar to that quoted by Seitz (1946). 


Taulr I 

Emission spcetia of pure Alkali Halides 
Wavelengths of the band maxima in A U, 


NaF 

NaCl 

NaBi 

KBr 

icr 

6500* 1 

6400 

6700* 

6600* 

6650* 

6.285 

5825 

5940 

6355"* 

6285 

,S 990 

5510 

560U ? 

5970 

5890 

3900 

3915 

5295 

5750 f 

5495 

3380 


4575 

5310 

4735 

3010 


2935 

4630 

3005? 


D I S C U S vS 1 0 N S 

It IS atiparent from the microphotograins that the extensions of many 
individual hands could not be estimated due to superposition of one into 
others. The modern theory of solids according to Bloch’s scheme of crystal 
dibits demands that this is possible only when the optical levels responsible 
for these radiative transitions are wide. 

Tt may seen probable that some of the emission bauds are due to transi- 
tions associated with the formation of colour centres in alkali halides studied 
by Pohl, Hilsch, Ottnier, Mollwo (1931), Molnar (1941, 1944), Kalabuchov 
(i 945 ), t^tc. These colour centres have been discussed in details 
i)y Seitz (1946) and presented as a tabular review by Ivey (1947). Hirschlaff 
193S, is of opinion that the F-ceutre can occur in emission, but Mott 
and Gurney (1940,) report that no such emission is known. Though 
some of the bands of Table 1 can be found to agree with the locations of 
colour centre absorption peaks, a systematic sequence or correlation is not 
obtained ; in NaF, the 3380X and 3900^ bands correspond to F- and 
K-i'bauds respectively, while no band in NaCl near to F-band is found in 
emission, but the 5510A. bands corresponds to Ri-band. Such accidental 

* Denotes that the position of the band uncertain by about ±50 AU ; ? 
denotes that the existence of the baud is uncertain. 
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agreements cannot be regarded as tell-tale data, due to the following 
reasons : 

(i) Even if some of the bands are assumed to be due to radiative colour 
centres, a suitable explanation as to the origin of the other emission bands 
has to be found out. 

{ii) The levels arising out of colour centres are very much temperatuie- 
dependent, e g., the F-band of KCl shifts from 7000A. at doo'^C to 6000A at 
— i8o'’C But these emission bands arc relatively insensitive to tempeiature, 
as has been verified by photogiaphing a few spectra at liquid oxygen tempera- 
ture, where any such changes remain within the experimental error; the 
shape of the bands also does not change, as may be verified by comparing 
Fig. I with the cathodolumiiiesccnce spectra at — i8o°C studied by Bose and 
Sharma (1950). 

iiii) It has been found that the glow of a fresh sample of any phosphoi 
IS greater than that of a coloured one. This shows that the available number 
of radiating electrons at the start is minimized on subsequent trappii^g on 
irradiation. ^ 

(iv) The colour centres are the centres created at vacant lattice feiles 
where ions or electrons may be trapped, and remain irap])ed, unless they arc 
freed by warming or heating, or by photo-excitation with suitable light, or by 
applying a voltage which thereby drifts the ions or electrons showing photo- 
conductivity. Once trapped, the electrons are bound to the lattice field by 
Coulomb forces, and cannot undergo radiative transitions- 

It is thus clear that the inechaiiism of luminescence is different from that 
of absorption due to lattice defects originating from colour (;eutrcs. This 
leaves doubt whether the bands arc characteristic of sonic impurities, 01 
belong to the parent lattice itself. In order to get an idea of the extent of 
changes introduced in emission due to impurities, the spectra of rocksall 
(impure sodium chloride containing KCl, Mg, Fe, Mu salts etc.) and ol 
a mechanical mixture of KBr coiilaiuing 5% TlCl were studied, the rcsidis 
are shown in Table II . 


lAHIJi 11 

Emission spectra of Impurity Phosphors 


Phosphor 

Band peaks in A U. 

Rem ark .s 

Rocksalt 

.5^^90, 5650+, 3900 

” Denotes that the po.si- 


lion of the baiiJ 

KPr-hTl (5%) Mix- 

6600*, 6320, 602,0, 5760, 5400', ,']t)35 

uncertain 

lure 



Comparing Tables I and II it is at once apparent that the impurity 
phosphors have roughly the same emission maxima as those of the purer 
samples. We thus note : 
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PLATE VIII 





if) 



X-ray luminescence spectra of alkali haliJes. 
ia) NaF, ih) NaCl, (c) NaBr ; id) KBr , UO KI 

if) KBr+TlCl (mechanical mixture) , (^) KBr -Tl (solid solution) 
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(a) An impurity phosphor prepared by mechanical mixtures has no extra 
part to play in X-ray luminescence due to minute quantities of added ions. 
Such a phosphor shows the same bands both in location and intensity profile 
ab those of a pure phosphor (Fig. 2). This shows that the bands presented 
in Table I are due to the emission of the lattice itself. 



Records of lumme.scence spectra of impure alkali halides ircduccd) (a) KBr+Tl 
(5%T1CI by weight as a mechanical mixture) (b) Kl)r-Tl isolid solution bv fusion) *. 

(c) Rocksalt. 

(b) Though a sample of rocksalt shows roughly the same spectral charac- 
teristics as that of pure sodium chloride (Merck, Kuhlbaum, or B D.H. 
varieties) under X-rays, the very same sample, when suitably excited by 
copper, iron, or mercuiy arcs (filtered to cut oft the visible portion) invari- 
ably emits the pink or yellow colour characteristic of manganese in traces, 
and green or blue colours due to other impurities ; these characteristic 
impiinty emissions are completely absent on X-ray inadiation. The 
colour centres produced, however, are the same as those for pure sodium 
chloride, as seen visually. 

(c) It is very significant that KBr, mixed with a heavy dose of thallium as 
TlCl, gives no indication of the very remarkable characteristic thallium 
emission in the near ultraviolet. It unmistakably shows that our method of 
excitation does not behave in the same way as ordinary photoexcitation as 
slated before. If this is once understood, it is easy to see that X-ray lumi- 
nescence has got nothing to do with mechanical mixtures, unless the impurity 
111 the mixture itself is not strongly luminescent. It should he remarked 
here that pure TlCl has been found to have a very ueak bluish green glow; 
the spectrum could not be recorded, and the sam|ilc changed colour to pink 
on irradiation. The situation completely changes when thallium is intro- 
duced within the lattice by fusion. In that case the thallium emission is 
always present as show’n in figure 2. 

Thus we have shown that minute quantities of impurity ions, not rigidly 
adhered to the original lattice, cannot have any measurable disturbing effects 
on the X-ray induced emission processes of the lattice itself. The lattice 
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emission has lately been postulated in case of pure ionic solids ; the lattice: 
emissions of alkaline earth oxides and sulphides have been observed by Krogei 
(1940), Kudryavtzeva {iq/\6a, 1946b) and Byler {1947), all at low tempera- 
tures; in alkali halideSj the works of Kudryavtzeva (1934) and Katz (1947) 
have established lattice emission. As to the carriers, of luminescence, the 
mechanism of ‘excitons’ developed by Peicrls and Frenkel is particularly 
suitable. This excilou mechanism postulates that an electron raised from a 
filled band to a non-conducting energy state is still electrostatically bound to 
the positive ‘hole’ left behind before being laised to the conduction band; a,s 
a result, a number of hydrogen-like discrete energy levels below the conduc- 
tion band will occur. 
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A NOTE ON THE CRITICAL AREA OF SURFACE FILMS 
AND EVAPORATION THROUGH THEM 

By D. S. SUBRAHMANYAM 

(Received for puhltcaiton, October jS, ig^g) 

abstract. Coiii-iileritig the rise of >\ater in two capillary tubes inti odured into a 
b 1 '>111 of water in all isolated sysleni, the surface of water 111 one of the tubes being coiita- 
ninatcd, il is shown theoietically that the surface tension cannot fall in value until the 
(ojilciiuinatioa prevents direct cominuiiicalion between the waier and vap )iir phases A 
new explanation is thus olfered for the existence of critical aiea of suifacc films The 
thcorv also throws light on evaporation through surface films and it is pointed out that 
while Kayleigh's theory explains the phenomena connected with condensed films the new 
theory will be helpful in explaining the evistence ol critical area of liquid expanded films 


INTRODUCTION 

It wds known from the experiments of Pockles and Rayleigh that when a 
small quantity of a conlaminating substance is added lo the surface of water 
and the area gradually decreased the value of surface tension docs not 
Iiuiccplibly alter until a critical area is reached. From the value of the 
tliiikncss of the film conespondmg lo the critical area, Lord Rayleigh 
(i8yg) suggested that the thinnest oil films possibly consisted ot only 
a single layer of molecules which could be regarded as floating objects and 
uliicli cuu’d not thus affect the value ol siiiface tension when the area of the 
Miiface exceeded the area they occupied on it. According to ilns view the 
diininuh'uii in surface tension is lo be considered as the surface pressure of the 
lilin uhich is brought into play as the film is compre.sscd. ''If the suiface were 
toVLied by floating coiks imstead of molecules, it is obvious that no resistance 
te compression would arise and tlicrelore no surface fireS'iinc would be 
obsLived until tlie coiks were packed in contact wi I h one another in a layer 
one molecule Ihick" 'Adam, iO;i) Lowering of surface tension is not to be 
cojisideied as change iii surface cneigy jiei unit area as such, pioduced by the 
umlauiiualing molecules, but only as an elastic force brought into piny when 
tlu two diniensional film is compressed Rayleigh's explanation has been the 
ijiibiect of much later uork by Langmuir, Adams, Rldeal and others, whose 
ri incuts have gone to confiim Rayleigh’s theory in the main. 

An aUernative explanation is offered here for the ciitical aica of suiface 
on a dynamical basis which throws light also on the evajioration that 
tabes place through a surface covered with a film. 
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THEORY 

Eord Kelvin TiSSi) has shown that the equilibrium vapour pressure ovei 
a concave liquid surface must be less, and over a convex surface greater than 
over a plane surface, the value depending upon the cuivature, so that fora 
liquid surface with a particular curvature the equilibrium vapour pressure 
has a definite value. 



Fig. I 

Imagine two capillary lubes AC and BD, having the same radius r 
dipping into water in a basin enclosed in an air-tight chamber and let the 
system be isolated thermally from outside and exhausted of air. Let (he 
meniscus A in AC be uncontaminated and tlie meniscus B in the othei lube, 
contain some contaminating sub-stance, the quantity however, being such that 
a part of the surface (however small) is not covered by the substance, so that 
a continuous lutci change of water molecules is [lossible between the walei 
below and the vapour above. When the .system attains a steady state, let h 
be the height of the water column in AC and h' in BD. Let T and T' be the 
surface tensions at A and B respectively and let 7'' be less than T, if possible 
Since the effect of contamination on surface tension only is being studied, let 
it be assumed that the contact angle at B is the same as that ai A. It follows 
then that /i' is less than h. Let P be the vapour pressure on the plane suitace 
of water outside, Pi the vapour pressure at A and P^ that at a point outside 
the tube at the same level as B- P, is the equilibrium value of the vapour 
pressure at A, depending upon the cuivatuie of the meniscus there, aud it is 
less than P 3 since the level of D is lovvei than that oi A. If Pe be the equili- 
brium vapour pressure over the meniscus at B, it may differ from that at A 
due to two causes- (i) curvature, and fii) presence of contamination. Bui 
since the contact angle at B is the same as that at A and the radius at the boie 
of the tube is also the same, the curvature cannot be different. The contanu- 
natiou on the surface, if it has any effect at all, should stand in the way of 
a free exchange of molecules of water in the liquid and vapour states and 
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should therefore tend to diminish the vapour pressure at B. Thus the equili- 
hiiuin vapour pressure at B cannot be greater than that at A and it 
therefore follows that the vapour pressure Pa at the same level as B is greater 
than Pe’ Hence condensation must take place at B with consequent circula- 
tioti from B to the water surface outside through the water, evaporation there, 
aud condensation again at B, a. continuous process which is dynamically 
impossible- Consequently, so long as there is a continuous interchange of 
water molecules beween the liquid and vapour phases at B, h' cannot be less 
than h, nor V less than T. When the amount of contamination at B is, 
however, such that it completely covers the surface and pi events dirccl com- 
niLUiication between the liquid aud vapour phases of water, the above 
reasoning no longer applies and it will be possible for V to be less lhau T. 

This reasoning would require that continuous and dircet commuication 
bulweeii the water in the liquid and vapour phases should be cut off before 
a fall in surface tension can take place This, however, may not result in a 
complete cessation of evaporation. Some of the water molecules possessing 
huge values of kinetic energy may break open the film aud escape out and 
thiough the openings so made other water molecules will rush out until the 
opening is again closed by the spreading force of the surrounding film. Thus 
llieie aie two cjpposing tendencies : (i) When there is an opening created in 
the surface film by a fast molecule, the value of surface tension will rise and 
the level in the capillary lube will tend to go up. (li) But when the gap is 
closed the value of surface tension will fall and the level will tend to go 
down The actual level obtaining in the capillary tube (and consequently 
the value of surface tension) will be one of equilibrium between these two 
opposing tendencies, the process being repeated many times in a second. 

E X P E R I M E N T Mv O R S E R V A T T () N S 

This explains the gradual fall in the value of surface tension when a 
film is compressed beyond the critical area. When the film is compressed 
the cohesive forces between the molecules of the film become stronger, and 
It will become moic difficult for the fast water molecules to break open the 
film aud also the film closes up more quickly. Consequeully, the tendency to 
opposing the lowering of surface tension will become less and less as the film 
is compressed. Finally the lowest value in surface tension will be reached 
when evaporation from the surface becomes a minimum.^ This view is 
L'onfinncd in a striking manner by the experiments of Sebba and Biesco 
(1940) on evaporation through surface films. They find that with the normal 
alcohol of 22 carbons, evaporation is 30% of the rate over watei at 20 dynes, 
and at 48 dynes it is almost nil. With other alcohols and acids, the rate is 
considerably retarded a I 40 dynes. 

'I'his view also explains another interesting observation made on evapora- 
lion through films. The amount of evaporation through a film depends upon 
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(i) the readiness with which openings can be created in the film by the fast 
water molecules and (u) the rate at which the openings created in the film 
will be closed by the surrounding molecules of the film. If these molecules 
are less mobile and do not close up quickly there will be more evaporation 
through the openings and through the film than if they are more mobile 
The mobilty of the molecules of a solid substance like stearic acid is very 
much less than the molecules of a liquid like oleic acid. If, therefore, the 
second one of the above two effects preponderates, it follows that evaporation 
through a stearic acid film can be greater than through a film of oleic acid. 
This was the observation made in the experiments of Rideal (1925) and 
Langmuir (1927) Defining R, the resistance to evaporation, as the difference 
between the reciprocals of the loss of weight per sq. cm. of film and watei 
per second, they obtained the following values : 


/evaporation in vacpo 


{Surface film. 

1 

(a) 

at 25” C 

35' c 

None 

2,96 

1270 

Stearic acid 

3'''3 (. 

165 0 

lyaurio acid 

573 n 

29a 0 

Oleic acid 

8 s 3 f 

617.0 


Rate of increase of rc.?it.tancTf; 


(fl) j 

(h) 

r 

■ 

T 

1 102 

07 

1 103 

172 

1 288 

3^3 


It was considered to be curious that a liquid film should offer more resistance 
to evaporation through it than a film of solid, but the above reasoning offers 
an explanation for it. 


C O N C Ty TT s I O N 

Considering all the phenomena connected with films, it can be taken 
that the theory presented in this paper supplements Rayleigh’s llieoiy. 
Rayleigh’s theory is quite salisfaclory in the case of condensed films but is 
not as satisfactory in explaining the behaviour of liquid expanded film (Adam, 
1041) Langmuii liics to explain the behaviour of these films from the 
similarity between the pressure area curves of a liquid expanded film and Hie 
spreading force of a large thin layer of hydro-carbon oil resting on a waler 
surface with a monomolecular gaseous film present at the interface between the 
oil and the water. The spreading force F„ of an oil A on water B is 

F,,^y/3-yA-yAn 

were y i, yn and yig are the surface tension^ of the oil-air, water-air and oil- 
water interfaces respectively. An explanation js thus given in terms of 
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surface tensions and not compression pressures, and the equation that he 
obtains is 

(F-Fo)(4-/1o) = fc.r 

where F is the spreading force of the film, A is the area per molecule, /!„ a 
constant, k is the gas constant per molecule and 'i' the temperature. This 
equation gives a rectangular hyperbola for the h'-A curvewhichclosely 
I espresents the behaviour of the film when compressed beyond the critical 
area; but it does not explain the existence of the critical area which is also 
shown by these films. The theory presented in this paper solves this diffi- 
culty, being based not on the idea of compiessiou but on surface tension and 
evaporation through films While Rayleigh’s theory cannot be satisfactorily 
applied to expanded films, it may be that the theory presented in this paper 
cannot be applied to some cases of solid condensed films, especially to films 
of chloresteiol and proteins and Rayleigh’s compression theory alone applies 
to them, For, in these cases it is found that there is no appreciable resistance 
to evaporation even at the pressure of 35 dynes (Sebba and Bresco, 1940). The 
films are so rigid that the openings created in the film by the bombard- 
ment of the fast water molecules do not close for a long time and the film 
resists the compression exerting appreciable pressure at the same time. This 
IS analoguous to a sheet of metal having holes which do not close when the 
sheet IS compressed laterally It may therefore be concluded that the surface 
pressure registered by a film may be due to lesistances offered by a film 
when it is laterally compressed or due to a lowering in the surface tension 
of a film covered surface. Both cases show critical areas; the critical 
area in the former case is explained by Rayleigh’s theory and that in the 
latter, by the theory presented in this paper. 
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SOME RANDOM FADING RECORDS WITH SHORT-WAVE 

SIGNALS 

By P, M. DAS and S. K. KHASTGIR 

{Received for publication, Maich 29, 1950) 

abstract- Some random fading patterns recorded at Dacca with 4840 kc/s signals 
fioni Calcutta are shown and analysed. Rayleigh's formula for landom fading from the 
\iiii0us diffracting centres in the ionosphere was not found to agree with the observed 
siyiiftl variations. It is likely that the discrepancy is due to the two sets of waves reaching 
tlic receiver after single reflection from the R- and F-layers or after single and double 
ri Hutions from the same F-layer 


INTRODUCTION 

hi an investigation on the intensity variation of short-wave signals fioin 
Calcutta received at Dacca (distance 240 kin) duriug the evening hours of 
December, 1948 and January, 1949, the quick random type of variations were 
at times observed. In the present paper sonic of these random fading obser- 
vations arc given with a brief reference to the receiving and recording 
arraiigeineuts. The results of these observations are also examined on the 
supposition that the variation is caused by the interference of waves scattered 
fioni a laige number of diffracting centres distributed at random in the 
ionosphere. 

The idea of random scattering from the various diffracting centres in 
the ioiiosidiere had been substantiated, for medium waves and moderate 
Iraiismifasion distances, by Ratcliffe and Pawsey (1933), Pawsey (1933) 
Khastgir and Ray (1940) who showed that the time-variation of the amplitude 
oi down-coming waves was consistent with the random scattering loimula 
of Lord Rayleigh. For longer distances, however, there was departure 
tioiii the formula, as was shown by Sen (lupta and Dutt (1941). 

The recent view of Ratcliffe (1948) who has taken into account the 
continual random motion of the diffracting centres m the ionosphere and 
the consequent Dopplei change of frequency of the waves, is not, however, 
considered in the paper. 

'f' H p: R R C R I V K R and T H Fv R F C 0 R D T N F. S Y vS t r m 

A T. R. F. receiver which had one stage H/F amplification followed by 
a grid-leak detector (and an A/F power amplifier to work a loudspeaker tor 
facilitating tuning) was used with a tuned frame aerial. A mirror galvano- 
iiKter in the anode circuit of the detector valve, which was balanced for no- 
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signal anode current indicated current fluctuations due to intensity vai la- 
tions of the signal. The details of the recording apparatus are described 
elsewhere. Kssentially, it consisted of a ro'ating drum with a lateral itiovl- 
iiient. The light from a point-o-lite falling on the galvanometer uiirroi 
’vas made to converge after leflection to a sharp focus by suitable condeusin;^ 
lenses on a bromide paper round the drum, which was enclosed in a hglii- 
tight box As the drum was rotated slowly with the help of a reduction gc-ai 
and an electric motor, the galvanometer spot on the bromide paper rccoidul 
the fluctuations of tlie signals. 

k A N D O ]\1 r A D I N G R K C O R T) S 

With Calcutta signals of 4S40 kc/s received at Dacca during the eveniii}- 
and early night hours, most of the records revealed peiiodic patterns/ \ 
number of recoids showed also quick random fluctuations. In these records, 
showing quick random fading, there wms indication of slow ijiylluinc 
variations. A typical record showing quick random fading with \ a sli>\\ 
periodicity is sliowm in I'ig 1. 1 \ 




Fig. 1 

Guide laiidom fading with a periodicity 



Amplitude distriliution in random fading with 4810 kc/s signal 
* The observalihns of periodic fading are being published elsewhere. 

I It is interesting to observe that the record reveals extremely high frequent ics tu 
12 mega c/sj ill the form of saw-tooth discontinuities. Tlicsi may be identified with thf 
* flutter' -pheiioiiiena reported by Subba Rao and »Soinayajulu (1949), the cause of v\ o 
vet unknown. 
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As the transveisc d'splaCL-iuent in the records was found to vary linearly 
rt nil the field intensity, the variation of signal intensity was easily obtained 
j,,mi the recorded fading pattern. The actual distribution' of amplitudes, 
[, nig wilhiii a range of i nun between zero and 13 ninis, is obtained from the 
lading record given in Fig. i and is shown in Fig 2. Similar distribution 
curves for two more random fading lecords are given in Fig. 3 



Fig. 3 


( 1 ' 0 1* A R 1 vS O N W I 'j' H RAY 1, F. I H\S CALC' H L A T 1 O N S 

J] A S D ON RAND (.) M S C \ T 'I' F R I N G 

J/Uid Rayleigh deduced an expiession for llie prohahilily of occur- 
unce ot any resultant amplitude on the assumption of a large number of 
cunipuiieiits of random phases. The probability is given by 


\\lieiL is the sum of the square.s of the compoumt amiilitudes and 
the ])robabiiity of a resultant amplitude between » and rM di Differeiitia- 
lin.^ P’ Willi lespect to ? and jnitting it equal to o, the maxnnuin value of P' is 
loimd to conespoud to — 2 i'//i where is the most probable amp'itude, 
so that 


P'= -C-c- 

* M» 

Substituting the exjierimeiital value of r,n for which the iminber of obsciva- 
tiuiivS having amplitudevS within 1 and r+di is maxiniuin, the theoretical 
values of P' can be calculated for various values of ?. These values are then 
iJuilliplied by a suitable constant so as to agree willi the observed ]ieak value 
file theoretical Rayleigh distribution corresponding to the fading record, 
S'howii ill Fig. I, is illustrated along with the actual distribution in Fig. 2. 
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CONCLUSION 

It IS significant that with 4840 kc/s signal and over a distance of 240 
km there is no agreement between the observed distribution and that obtained 
from Rayleigh’s formula for random scattering. In the curve showing the 
actual distribution of amplitudes in Fig. 2, there is an indication of a smallu 
peak. The curves in Fig. 3 also reveal two distant peaks. The double peaks 
ai)peai to suggest dual sets of downcoming waves reflected from the ionostdiere 
That there were at times two sets of dowmeoming waves was often indicated 
by the appearance of a slow type of periodic fading, which could be considerul 
as due to the interference of the waves reflected from the moving ionospheric 
layer or layers 

Further work on the subject of random fading of radio signals ih m 
lu'ogress. 
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LINEAR ANALYSIS OF ELECTRONIC SWITCHING* 

By RALS AHMKl) 

{Received fm publicatiOH, May 2, 7950) 

abstract, a linear analysis of the iiiultivibiator circuit has been made and it is 
.shown that the time of switch over between two relaxation states can be calculated with 
n fair degree of accuracy. Variation of the time of lise with various circuit parameters has 
In I’ll studied and results have been compared with observational data Hy niecns of this 
analysis a ciitericn foi the design of fast sw itching circuits has bceu indicated 

The current-voltago relationship in ii vacuum lube is non-linear and, 
therefore, any exact analysis of circuits using such tubes would have to 
depend on the solutiou of non linear differential eciuations. In fact, consider- 
ing the actual grid voltage-plate current characteristic of a tube one may 
Ikivc to resort to graphical methods since analytical expressions for such 
cliaractenstics arc only approximations. It is because of these facts that 
cotisidei able difficulties have been experienced in the analysis, in particular - 
of iclaxatiou circuits, which have otherwise proved to be so useful in a very 
large mimbei of modern timing, swiUhiiig and controlling* devices 

111 the else of multivibrators, which form a basis of so many above- 
mentioned circuits, a number of papers have appeared, e g. Kiebert and 
Inglis (1Q45), on the calculation of the relaxation periods. 'Fhc switching 
peiiod, which lies between two successive relaxations, has not been fully 
investigated (Williams, Aldrich, Woodford, 1950; Ahmed, 1948), and many 
aiilhors, considering lower frequencies of operation, have simply assumed 
this iieriod to be zeio. When multivibrators or similar other circuits are 
being used these days in ever faster networks, it becomes imperative to 
iiivesligate the switching period, even with a small margin of eiror The 
designing engineer or physicist must have some quantitative information 
about the switching tune. 

The circuit of a sy 111 metrical multivibrator, originally given by Abraham 
and Bloch (1927), is shown in Fig. i and its operation has been explained by 
several authors. The voltage wavefoinis at the two grids are shown in 
Fig 2 ; it is the period ab which is referred to as the switching lime, 
Mnce it is during this time that one tube is being switched on while the 
other is being switched ofif. During ab both the tubes are conducting and 
Since the output of one is connected to the other, it is during ab that the 
gild voltage of one, due to cumulative amplification, is rapidly rising while 

* A part of ihis work was done by the author a*! contract research for Princeton 
duiversity, N. J., U. S. A. 



282 


R. Ahmed 


that of the other is rapidly falling. Basically, therefore, the problem of 
determining the swilch-over time amounts to a solution of the diffeiential 
equations for the grid voltage in the eqivalcnt amplifying circuit of Fig. 3 
with appropriate boundary conditions. 



Fio, I 

A .s3 uiiin.tnc'al multi\ iluattn* 


a b 




FlC. 2 

The grid voltage uave forni.s of a .svnuiitlrical multi vibr.itui 



Fig. 3 

A-C equivalent circuit of the multivibrator 



Linear Analysis of Electronic Switching 283 

To facilitate the applicaUon of the linear method of circuit analysis some 
simplifying assumptions have to be made regarding the a-c operation of the 
multivibrator. 

1. It may be assumed that the relaxation time of the ciicuit is large 
compared to the switching time This would permit the omission of the 
coupling condensers from the equivalent cii cult of hig 3 and is a natural 
assumption for low trequeucy multivibrators. Wlien high frequency multi- 
vibrators will be considered these coupling condeiiseis will have to be 
restored. 

2. It may be assumed that there is uegligilde inductance in the 
components at tlie frequencies under consideration. 

3. It may be assumed that the tubes used have negligible grid to plate 
capacitance C 1 Ins assumption would be valid only for pentode lubes, 
and at lower frequencies. 

4. It may also be a.ssumcd that during the interval nh the value of the 
mutual conductance of the two tubes remains constant and is equal to the 
nouiial value g,,, In fact, this is the weakest assninptum of all, since the 
full value of the mutual conductance of the tube that starts to be switched 
oil at the instant a (Fig. 2) is not established till .somew'hat later than 
However, foi the sake ol linearising the analysis this assuniijlioii has to be 
made, and it comes close to being true, again, in the case of pentode tubes. 

With the above-mentioned assumptions the simple equivalent circuit of 
Fig. 4 is obtaiued, and Us differential equations are given below (p.285) whc*ic 


’8a®l 



A siuiplifit'd a-c equivalent circuit of the 
.Minnietncal multivibrator 

the total shunting capacitances and conductances are indicated by the letters 
C and G, aud denotes the time derivative d/dt- 

(Gi + ^C,)Ci + g,„2C« = 0 (i) 

+ = o . (2) 

The deteniiiiiaut of these equations is written in an expanded foim 
below, and it has been equated to zeio so that the exponentials arising in 
the circuit may be tleteniiincd. 

p'C\C:i + p{C iGa + C-An) + (Gi( + gmigms) = O 


(3) 
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If CJCti, the shuut time constant, is denoted by fj,, and C2IG2 by /aj 
the mid-frequency amplification gmi/Gi is denoted by Ai, and gm^lG^ by 
and AyAn = A'\ then the roots of (3) are 



in a symmetrical circuit the roots will be. 


/ . .12 ^ - 


(s) 


It is obviously the presence of the positive root Pi which causes ii^stabi- 
lity and makes the grid voltages c, and t'a rise or fall rapidly to tliie level 
where the tube that was previously conducting, now goes off and the \ other 
one comes on. It is further seen that the condition of disappearance m the 
positive root is that y] , the mid-frequencp amplification should be less \ than 
unity. This result could, of course, be anticipated from a simple feedback 
consideration, but in this case it only confirms the validity of the calculation 
It is also clearly indicated that the requirement for a rapid switch-over, or 
large positive root, is that the quotient gmjC should be large. 

In order to derive an explicit equation for the time of rise for or 62 
duimg the switching interval, one of the voltages may be written as follovws : 




: 6 ) 


Before proceeding with the application of the boundary conditions, however, 
if Cl is considered to be the expres.sioii for the grid voltage of the tube that 
is being switched on, it is useful to consider the fact that the voltage Ci .starts 
rising rapidly from a value — (this is not the same as the cut-off voltage 
— Hc-o in the case of static plate voltage) that is, the grid voltage at which plate 
current just starts to flow. The switch-over lime may, therefore, be defined 
as the time required by fj, given in equation (6), to rise from a value zero by 
an amount | Eu |. Alternatively, the expression for may be modified and 
put in the fcnii 

= ... (7) 


.so that the time of switch-over may be defined as the tune required liy r,, 
given by equation (7), to rise from a value to zero volts. 

It is obvious that lhe.se two expressions will yield the same value of the 
time of switch-over, but it may be added that equation (7) jiroves to be more 
convenient for mathematical handling and will therefore be used in all 
further calculations. 

Equation (7 has, then, to be solved with two boundary conditions. The 
first is that at time i — u, e\ = —E(j and therefore Ji + /J2 = o. The 
second boundary condition is that at t = o, the slope ol ej given from equation 
(7) should be the same as the slope of the grid voltage in the preceding 
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relaxation period at t just less than zero. This slope can be proved to be 
continuous by an elaborate mathematical analysis but the following physical 
explanation also shows the same . The grid whose voltage ci is being con- 
sidered is the grid of the tube that was off at i < o and which is coupled 
through the condenser Cc to the plate of the tube that was conducting current 
at f <0 and continues to conduct till aftei t = o. With reference to Fig. 4 
gm is the mutual conductance that is assumed to jump from zero to a constant 
(normal) value. This .lump will cause a discontinuity in the derivative of 
the current flowing into the plate of this tube, but due to the shunting 
capacitance the voltage at the plate will be continuous. This voltage is 
transferred by the coupling condenser to the grid of the second lube, and 
thence to the plate of the second tube. The quantity is? continuous 

because both its constituents are coutinuous, and since this current determines 
the sloiie den'di, it is concluded that deijdl must also be continuous 
The relaxing condensei voltage is given by the well-known equation : 


= (most Deealive voltage) ... (8) 

where I' is measured from the instant the condenser reaches its most 


negative voltage, 






Rp+Ri. 

corresponds to that value of /' which makes r , = -]lo> Thus, 


and t = o of equation (7) 


de, 

dt 




_ ' Rq 1 _ 


and finally, 




Tip,~p2) 




— A \p^ + 


(9) 


1 ' H K 'r R A N S I K N T S W I T C H-O V F R ' 1 ' 1 M R 

It can now be seen that the switch-ovei lime or the time of rise tr, being 
the lime required for Ci to become zero, can be easily calculated Howevci, 
the explicit equation for C2 can also be derived, and if the time trg, required 
by ^2 to go from zero to — Kq is shorter than trit then of course the ampli- 
fying circuit will be opened at the instant fr2 such a case 1^2 will 

be the effective switch-over lime of the whole circuit. It may be noticed 
that as far as the design work is concerned, the exponentials for ci and e" 
being the same, the value of either tri or frs can be taken as the basis of. 
the calculation. - ' . c . 

In order.- to have an explicit equation for the time of rise^ the expofienHal:* - 
t^JU with negative jcoefficient may be omitted, ^becau^e this term rap,i 41 y 
d^ere^&e$ to zero,,a^^ ouly. aff,ecls. the form of the g^rid voltage in' 
beginning. 5 

3„,738P~7 
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Thus, 





Id 


(R,+ 


RpR h 

Rp + Rh 



1 1 RpRi + RuRh"^ RgR p 
<^ 1 ^"' R,R„R., 


) 


... (lo) 


(ir) 


It is interesting to note that the quantity -Eo does not appear in this 
expression foi ir due to the special boundary conditions. 

The calculated variations of the time of rise, when the various (jleinents 
in the circuit are varied, have been plotted in Figs. 5, 6 and 7 and a^ set of 



Calculated curves for the variation of the time rise with 
.‘'hputing cap.icitifs -g„ constant 


observatiobs to check these lesults has been given in Table I. Further 
observational results are found in reference (Ahmed, 1948). In connection with 
pjofting the data in Fig. 5, it may be remarked that the observed time of rise 
for zero external shunt capacitance was taken as the basis foi* estimating the 
sfective sTiuuting capacitance. This is found tote 150 (including the 
eteetbf and so 150 p-fij has been added to the externally connected 
condenser in each observation ; 
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g.„ in micro-mhos 
P'lO 6 

Calcukled curves for the variation of the time of rise with 
matual conductance C, constant 



0 1000 2000 3000 4000 5000 


ill micro-mhos 

Fig. 7 

Calculated cm ve.s foi the variation of the time of rise with 
mutual coiiductencc C constant 

The divergence between the observed and calculated results is noticeable 
as the shunting capacitance becomes large as compared to the coupling 
» upacitonce. This is natural since the equation for the time o£ rise was 
developed on the assumption that the coupling condenser was very much 
larger than the total shunting capacitance. 
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Table 1 


Circuit components as in Kig. 5 ; Cc =3000 inf^f. 


External shunting 
capacitance 

Effective shunting 
capacitance 

Switching 

time 

f. upf 

150 ppf. 

0 4 /i sec. 

100 ,, 

350 „ 

06 

200 , , 

350 „ 

0.8 

.. 

450 .. 

1 10,, 

sw ,, 

650 ,, 

I 4 

700 ,, 

805 

: 1-7 

j noo , , 

1150 f* 



The effect of grid io plate capacitance L\p 

Under the same set of assumptions as above, the exponent ials'which 
determine the time of rise are given by : 


C + 4^' It p 


-G ) ; Pi-- 


Tliese show clearly that the positive root Px has beeu considerably decreased, 
and that the time of rise will therefore increase when an appreciable amount 
of grid to plate capacitance is present. When it is desired to reduce the 
switch-over time in a circuit, it is neceSvSary to minimise the capacitance Cap. 
A set of observations is given in Table II to illustrate the effect of C,,p and 
a comparison with the previous set will indicate that C^p is several times more 
effective per micro-farad in changing the time of rise than the shunting 
capacitance. From these observations, however, it is not possible to separate 
the Cgp from the rest of the shunting capacitance. 


Table II 

Circuit of Fig. i with Rl = R(, = jo kO ; CV =3000 nfif. ; 6J5 tubes at 100 volts. 


Externallv connected C„,. 

Time of rise 

0 fifif 

0.4 p .sec. 

*0 -9 - 30 

"'/ -p 

,, 

50 n 

i i.J ,, 



100 ,, 

1.6 


3 -Q M ; 
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The efjcct of positive return for the j^nd 

The CQds of the grid resistances which have so far been connected 
directly lo the cathodes may also be connected to a source of positive poten- 
tial E^. This will be a purely d-c condition and will, theiefore, not change 
the differential equations (i) and { 2 ). The discharge of the coupling con- 
denser will, however, now lake place under different steady-state conditions 
and BO will affect the time of rise. It may be exiJucLed even quantitatively 
that by making the condeusei discharge sharper Hum before the switch-over 
time will be shortened. In this case the time of rise may easily be shown to 
be approximately 

^ 

A set of values toi the time of rise has been calculated and plotted in 
Fig. 8 and the observations given in Table 111, were taken to check the 
general form of the result. 



Q 0.2 0.4 0.6 0.6 I.o 


Ratio \= I I '! I V'y, 1 + E+ 

Fig. 8 

Calciilnled vaiiatioiis of the time of rise witli 
positive grid return voltage 

111 conclusion it must be stated that by means of a simple lineal analysis 
of the miiltivibratoi- circuit in the state when both tubes conduct, it is possible 
to obtain a fairly accurate idea of the quantitative value foi the time of 
switch-over. Vhe variations of the time of rise with diffeient circuit com- 
ponents can also be predicted. The difference between the observed and 
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calculated results is explicable on the basis of assuhiptious made. The 
equations developed lead to reliable design criteria and, in fact, the author 
carried out such designs and constructed multivibrators with frequencies of 
several megacycles per second. 


Tahm<: III 


Circuit of Fig. t with all resistancCvS =io kl 2 ; Cc = 3000 /a/aI. ; 6J5 tubes 
with 160 volts on the plates. 


Positive return 
voltage 

Peak plate 
voltage 

0 V. 

145 V. 

25 .. 

II 2 „ 

15 » 

96 „ . 

65 

7 « » 

S 5 .. j 

60 ,, 

^"5 *i [ 

41 „ 


Cut-off 

voltage 

Time of 
rise 

_-i 4 .c) V. 

M sec. 

— 12.1 ,, 

o- 32 \ „ 

-”-3 .. 

0 28 ^ „ 

— 10.0 ,, 

1 

0.26 

- S.o „ ' 

j 0 24 ,, 

— 6 0 ,, 

0 22 ,, 
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AN EXPLANATION OF THE INFLUENCE OF THE 
FREQUENCY OF THE EXCITING POTENTIAL 
ON JOSHl EFFECT 


Bv G. V. BAKORE 

{Received foi publication, Muich 27, 1950) 

ABSTRACT An iiicieast' in the supph frequency increases the positive spacc-charge 
density which enhances the intensity of ionisation by collision in the discharge space and 
consequently reduces the ‘‘tlireshhold" potential V„ Thus high initial positive space 
charge in dark reduces in eficct. the negative space-charge funned undei light, which 
accoidiiig to joshi’s theoiy slionld diminish the light-elfecl as observed. 

A.11 increase in the stippl}' frequcmy diminishes T and hence increases (l-Fm), V 
being the applied potential The proportion of the high frequency compoueiils of the 
discharge cunent decreases with increase in 1 ’ as also (F— V.J. Hence an niciease in 
the supply ficqiiencv decieaacs the high fieqiicncv components winch, according to 
Toshi, leads to a diniuuition of the Joshi-cffect. 

Other theories' of losln-effcct are also discussed in this connection. 


Thu light effect At, a reversible aud (sensibly) instantaneous current 
change, usually though not invariably, a dimunition on irradiation from ex- 
Ireniered to X-rays (Joshi i 944 t>. I 94 SW, oI chlorine and a number of 
other gases and vapours have been observed with semi-and full ozoniser dis- 

charges. _ k , , 

Joshi {1939) has shown that the measurements of the mmimmii thresh- 

hold" potential E.., at which the current i increases rapidly with the 
applied voltage V, are markedly sensitive to changes in frequency. Joshi 
(iqasd) observed that ceteris paribus %C^i decreases as the input frequency 
of the AC. supply is increased. Mohanti {1949) has observed in oxygen 
that whereas K,„ for 50 cycles is about 2.7 kV, it is as small as o.ykV under 
otherwise idential conditions with 500 cycles. Deshmukh (1949). m .odme, 
vapours, observed that V,„ changes from a.tkV to o.aykV as the fre- 
quency of the A.C, .supply is varied from 50 cycles to 500 cycles. Mohanti, 
ill o 4 cu, observed that increase of current^ with the applied voltage 
E is far more rapid at 500 cycles than at so.cyclcs. Inrrther he observed 

that under constant conditions of the current in the dark (.0), A. and /oA, 

Z ,0 cycles is larger than for 500 cycles. Thus %A, decreases from 4.% 
to 21 % (current in the dark in =3) with increase in frequency from 50 to 500 
yclL Similar results have been obtained by Deshmukh (1949) m rodine 
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cycles. Mohauti, with oxygen, observed no light efifect when the 
system is excited in the range ot 3 — ii megacycles. Observations of Tiwari 
and Prasad (1945), Dasgupta and Laheri (19^19)1 aud Das Gupta (1945-46) 
with chloiiue are similar 

Fioin the data given above it appears that Vm diminishes as the fre- 
quency of the exciting potential is increased. Its influence on the light- 

eflFect expressed as = is also in the same diiection and no light 

ID 

effect is observed at very high frequencies (3-12 megacycles). 

The processes which occur in an ozouiser discharge are complicated 
by a number of factors, namely, the dielectric nature of the electrodes and 
the field distortion due (i) to the deposition of ions on the dielectric! surface 
and (li) due to the space-charge.s of positive and negative ions, whic^i owing 
to differences in mobilities of electrons and 10ns and diffusion, will accumul- 
ate in complicated ways (Loeb, 1939) 

At and above the " threshhold " potential F,„, the gas breaks down as 
a dielectric and discharge space consists of electrons, positive and negative 
ions. At the peak value of the exciting of A.C potential, the electrons will 
be ionising by collision and thus positive and negative ions will be created 
in the gap. As the field declines these will be gradually swept out. In this 
sweeping the electrons will be first removed and then negative ions with 
their low mobility will follow. Finally if the gap is shorl* and the fields 
are high even the slow positive 1011s will disappear P'or longer gaps when 
the ions cannot cross during the quarter cycle, it is clear that a residue of 
positive charge will remain in the gap. These will gradually build up a 
space charge which is enhanced by diffusion of ions, which is more pronoun- 
ced at low i^ressures Hence the reveise cycle will never recall all the 
ions and the electrons of a given sign that have moved out into the gap. 
With lower frequency and more uniform fields the condition for gas breaks 
down should not materially differ from the static break down. 

As the frequency of the exciting potential is increased, so that the period 
of the cycle is small iu comparision with the time of crossing of the ions 
across the gap during the interval of high voltage, the matter changes radi- 
cally. When the voltage is high, the ions- will be generated, but 
before they reach the respective electrodes, the voltage falls to zero and 
they will again be driven across the gap to their places as the potential 
begins to reach high values in the reverse direction. The number of ions 
reaching the respective electrodes become less and less as the frequency of 
the exciting potential is increased. Terman (1947), in case of diodes, finds 
a decrease in the number of electrons reaching the anode with increase 
in the frequency of the applied A.C. voltage. The positive ions remaining 
in -fhe gap form an enhancing space charge field f 01 ionisation by electrons 
from the temporary cathode. In this way the ionisation by collision is- 
facilitated. When the frequency goes up still further the space charge at the 
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temporary cathode will be^ increasingly greater and greater causing a progres- 
sive : lowering of Vm with, increase m frequency, as observed. Reukama 
<£9^8) found that for '2.5 cm. gap in air, there was a progressive lowering 
of V„, with increasing frequency from 20,000 to 60,000 cycles. At greater 
values the lowering approached a limiting value which remained constant uplo 
42S>ooo cycles. T.he absence of further change in V„, with increasing rate 
of accumulation of ions in the gap is attributed to a loss process which 
drives positive ions out of the gap. 

According to Joshi’s theory (1946, 1947a, b), (a), under electrical dis- 
charge an activated layer is formed on the electrodes and it is in dynamical 
equillibrium with the gas phase, fb) As a primary step photo-electric emis- 
sion occurs from the active layer and (c) the photo-electrons thus emitted are 
converted into slow moving negative 10ns due to the election affinity of the 
excited medium, and these reduce the current us in the space charge effect. 

The magnitute of the lighl-eQcct thus depends upon the negative space- 
charge formed under the action of light. It is therefore to be anticipated 
that any factor which reduces the negative space-charge should decrease 
the light-effect. Increase in the supply frequency of the exciting potential 
causes an increase in the positive spacc-chargc The increased iiositive 
space-chaige decreases in effect, the negative space-charge formed under 
light, thus decreasing the light-effect as observed. Since positive space- 
charge increases with increase in supply frequency, it follows that the light- 
effect should decrease with increase in the supply frceiucncy. This deduc- 
tion, as well as the lowering of F»i with the frequency of the exciting pot- 
ential, are in agreement with the results obtained by various workers in this 
field. 

It has been shown by Joshi (1940’' that the discharge current depends 
on (F"F,n), where V is the exciting potential. Warburg 1^1924), Joshi (1945^), 
Prasad and Jain ^1947) and Deb and Ghosh (1948) have shown that the pro- 
poition of the high frequency components of the di,scharge current decreases 
with increase in the exciting potential F, as also {V- F„i). Deb and Ghosh 
gave a mathematical expression for the variation of the proportion of the 
high frequency components in the discharge curieni with the exciting 
potential K, as also ( V - F,„) . 

Joshi (i944flr, 1945a) has shown that the suppression of these high frequ- 
ency components under light is mainly responsible for the light-effect. If 
Vjn decreases w'lth the frequency of the e.xcitiug potential, V-Vm increases with 
increase in the frequency of the exciting potential. The proportion of the 
high frequency components of the discharge current decreases with increase 
in K, as also (F-FJ. Hence an increase in the frequency of the exciting 
potential decreases the high frequency components which, accoiding to Joshi, 
leads to a dimunition of the light-effect. 

Per^d (1945) has advanced an explanation of the light-effect from the 
stand point of Kramer's quantum mechanical theory of light dispersion' 

3-.J738P-7 
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According to him, on irradiation the gas is excited to the higher vibrational 
and electronic states. For these, due to the operation of negative terms 
in Kramer's dispersion formula, the refractive index should be less than 
that of the normal gas. From the Maxwell's well known relation n* = e 
i where e is the dielectric constant), it follows that e should decrease with 
decrease in n. Since e is a measure of the electrostatic capacity of the system 
he concludes that the Joshi-effect represents a dimunition of the displacement 
as distinct from the conduction or ohmic current. The results of Prasad 
and Tiwari (1945), Das Gupta '1946), Mohanti (1949) and Deshinukh (1949) 
do not support Parsad's view. From the observation that the wattage 
dissipated in the ozoniser decreases on 11 radiation corresponding to, Ai, Joshi 
(1945c) concludes that the effect results chiefly from a reduction of the 
ohmic or conduction part of the current. Further, he observes V that the 
corresponding displacement cuirent may be affected is suggested a frequ- 
ent observation of a sensible movement and distortion un irradiation of the 
steadied wave form on the oscillograph, due, perhaps to a frequency or / and 
phase shift ; by the observed influence on %Ai of capacitative changes in 
the system, suggesting a change under light of the dielectric constant of 
the ionised gas as possibly a paitial, though at best a minor explanation 
of this phenomenon of ageing, adsorption and nature of the material 

Deb and Ghosh (1946-47-1948) take the mechanism of the origin of 

the high frequency components as given by Klemenc,* Hintenberger and 

Hoffer (1937). According to them, the high frequency components of the 

discharge current originate from the neutralisation of the surface charges when 
the applied voltage passes through its zero value. As the sin face charges 
are on the insulating (glass; surface, the neutralisation does not lake place 
in the single spark but in a number of sparks between small isolated clcmeiits 
of tlie surface charges. Deb and Ghosh advance a view that the action of 
light is to restrict the formation of the surface charges thus suppressing the 
high frequency components of the discharge cuirent. The suppression of 
the high frequency components under light is mainly responsible for the 
light-effect. 

According to these authors “as the frequency of tJie applied 

voltage is increased the pulsation time becomes equal to and finally less than 
the time required foi the full deposition of the chaiges. Increase of frequ- 
ency therefore causes a decrease in the density of the surface charges. Hence 
the H.P', components of the discharge current as also the light-effect 
decrease as the frequency is increased “. 

The mechanism, although accounts for the decrease in the light-effect 
with increase in frequency of the exciting potential, fails to show why 
Vtn should decrease with increase in the supply frequency. Both these 
factors are well accounted for on the suggestions put forward in the present 
paper. 
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MULTIPLEX SEPARATIONS IN THE /'-ELECTRON 
CONFIGURATION 

Bv K. SURYANARAYANA RAO 

(Received for publication, April 26, 1950) 

ABSTRACT The .separation factors are calciilateii for the inultiplei terms of the 
/^-electron configuration, using (ioudsmif.s method A table of the results is given, 
All the terms are predicted to be normal with the exception of 1 

In a paper on the “Multiplel Separations” m terms due to ednivalenl 
electron configurations, Goiulsmit (1928), applying the X-ray doublet law 
to the optical spectra, has given a general method for calculating the 
sepal ation factors for equivalent electron configurations by which he calculated 
the separations for and d" configurations. Recently, Ramaknshna Rao 
(1949), extending the method to /-electron configurations, has calculated 
the separations for f, f, and f electron configurations, which aie useful 
111 the analysis of the .spectra of rare-earths. It is proposed here to extend 
the same method to the /‘-electron configuration, but it jnay be noted lha’ 
the mathematical difficulties w ill increase if we begin to deal with the more 
complex /-electron coufigmations. The theory of the method may be briefly 
outlined as follows : 

The doublet separation in optical spectra, which is due to a single 
clectrou is given by the formula 

(j) 

which is conveniently written as 

Av=:a(/ + ^) 

The multiplet separations arise out of the interaction between the spin and 
orbital angular momenta of the electron which is well-known to be equal to 

cos (liSi) 

where all the quantities have the usual significance (Pauling and Goudsmit, 
1930). This may be written as 

V=ALS cos its) - i /J [/(; + 1) - L(L + 1) - 5(5 + 1) ] . • (2) 

with yj = 2,a, I' cos (sTS ) ’1 cos (Ull 

O I 
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in the case of R-S coupling. It is seen from the above formula that the 
levels ill a multiplet are separated by the difference in the values of /. So T 
gives the displacement of the actual multiplets over hypothetical level 
which is actually the centre of gravity of the multiplet These f-factors 
obey the same ‘Sum' and ‘Permanence’ rules as do the ‘g'-factors. In a 
weak-field an atom is spatially quantized so that the vector J has the 
component ‘M’ along the field. If the field is increased to such an extent 
that the Us’ coupling is broken, the vectors and 'jt' process independently 
around the field and 


cos isl) =cos (sH) cos (IH) = 

si 

^ = Als cos {ls} = Anurn s 

Thus the weak-field T- values are given by equation (2) and strong-field 
values are given by formula (3) and using the l^-permancnce rule established 
by Goudsmit, which states that the sum of P-values corresponding to a given 
value of M is the same for a strong field as for weak one, the separations 
for any configuration can be calculated. 

CAI/CUI/ATIONS 

It has been already shown (Rao, 195c) in a previous paper that in the case 
of /^-electron configuration, the number of valid wave-functions is 400, and 
Table T is only a typical portion of a very extensive table showing how to 
obtain the T-values in a strong field. In the table, 


Tablb 1 
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Ma^^ms 

Mt—Xnii and M= Mb + Mrr, 


r. Tq 

— ; — ~m/. 

■ la 

II 

1 . 

a . . a 

a 

a 

I ’’ = + 

H- 

■ + £4 

A a a 

a 

a a 


which gives the strong field P-value for a particular M-value ’ Thus all the 
T-factors corresponding to the strong field are obtained and presented in 
Table II. The weak-field T-factors are calculated from formula (2) and are 
presented m Table IIJ which is given only from M = io to M = 0, as the other 
part from M = -i to M — — 10 is symmetrically disposed Lo the abo|e part, 
about tiie value M = o. In this table the letters 7 , G, M' etc., are actually 
.df, etc , but are abbreviated thus for coiivenieuce. Also a\prime 

is used for some of these letters in triplets to distinguish the same kind 
of terms in triplets and quintets. The numbers in parentheses before some 
of the states iu this table give the number of times those terms occur. Now 
by equating, according to the r-permanence rule, the sum of P-values 
corresponding to a particular value of M in the weak-field to the sum of 
F-factors of the same M-value iu the strong field (starling from the highest 
value of M), it can be seen that only ®Mjo can be uniquely calculated by 
putting gM' = ila or = and that for other columns there are more 
unknowns than the available equations. This mathematical difficulty can be 
circumvented by treating the quintets separately. For example, the 7 ^ level 

is given by the weak-ficld wave-function (3‘^2 *^1^0"'), giving ~ + 

a 

= 3; so 12 I — 3a or I = ia. yiniilaily ““Go is given by two wave-functions 
because of its degeneracy in /, namely, (3'^2'^i'^ -2'' ) and (3'^2'^o’ giving 

r =Jh- I - i-i- 1 = 2 in oue case and - =g t-i + o-i = 2 in the other. Thus 

a d 

the strong-field r-values for “Go are the same, which means that the 

degeneracy does not present any difficulty. Nor is it necessary to know 
which of the two functions actually belongs to because the required 
r-values are the same in both the cases. Similariy all the otiier quintet 
separations come out to be equal to ^a, except -S for which the T-value is 
zero, la as can be verified from the five wave-functions each giving zero. 
Substituting these values of quintets it can be seen that we are left with 
one unknown in each column. It must be borne in mind here that the 
triplet levels also cannot be treated separately in the same way because 
of their intrinsic degeneracy not only amongst themselves but also iu the 
quintets. The results are given in Table IV from which it can be seen 
that there is only one inverted term, namely, 'D iu the /‘-electron 
configuration. 
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Table 111 : Weak-field Table (could.) 
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Table IV 


Mulliplet 

Separation factor 

A 

Mnltiplet 

Separation factor 

A 

■V 

ia 

3R 

ig/ii2 a 



3; 

17/168 a 

hp 

la 

3// 

?/t 5 n 


\a 

3G 

11/60 a 

S._S' 

0 

3Z*' 

7/48 a 

3M 



-ii/24 a 

1 

3/, 


3p 

a 
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AN EXPERIMENIAL STUDY OF THE ILLUMINATING 
SYSTEM OF THE ELECTRON MICROSCOPE 

ByM. L. DH 
Plates IXA and IXI 3 

{Reccii/t'd fi)i publtcalion, luuc u, 

ABSTRACT. The paper givts an accouut of llie expciiiiieulal study of the dluramating 
system of the electron microscope to determine the most tllicieiil operating condition. 
The variation of the size of the electron cross-over with difierent grid lilament distances has 
been observed. An attempt has been made to correlate these observations with the final 
image quality 


introduction 

It is well-known that the illuminating system of an electron microscope 
influences to a great extent the quality of the final image. It is, in fact, one of 
the several factors which determine the ultimate limit of resolution obtainable 
with any particular instrument and it has, for this reason, been the subject of 
study, both theoretical and expeiimeutal, by several investigators (Ardennc, 
1943 ; Bcker et al, 1942 ; Borries, 1942, 1044 ; Hillier and Baker, 1945 •' 
Hillier and Kllis, 1949 ; Nissen, 1944)- The present paper gives an account 
of the experimental study on the properties of the illuminating system of 
the new horizontal electron micro.scope (Dasgupla and others, 1948) installed 
at the Institute of Nuclear Physics, Calcutta 

Pigure I, is a diagrammatic representation of the illuminating system. 
It consists of a three electrode gun constituted by the hairpin shaped 



Fig. I 

Schematic diagram of the electron gun 

tungsten filament P , a cathode shield G and the hemispherical anode A. 
The anode is placed at a fixed distance from the cathode- shield, while the 
filament to shield distance can be varied, within limits, to any desired 
extent. The cathode shield, for /.cro-bias operation, is maintained at the 
filament potential, while for biased operation it is given a negative voltage to 
seive as the control grid. The condenser lens C serves to concentrate the 
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electron beam emerging through the anode aperture, on to the specimen 
plane placed at 5 . 



Fig 2 

lilectncal couuection diagram of the giiu 

The electrical circuit of the gun is shown m Fig. 2. The filament is 
maintained at a high negative potential of 50 kV, while the anode is at the 
ground potential. The resistance Rc of 0.5 megohms provides automatic 
bias to the grid. 

Conditions for hfdcicnt Illumination. 

The essential requirements which the illuminating system of an electron 
microscope must satisfy for efficient operation can be stated as follows; 

(ij The angle of illumination, i. e. the angle which the extreme rays of 
the illuminating beam make with the beam axis, must have an independent 
means of control. 

(2) The focused illumination on the specimen plane must have a small 
and preferably a circular size. 

(3) The beam must have sufficient intensity to permit taking of micro- 
graphs at reasonably short lime. 

ANGLE UE ILLUMINATION 

The mode of illumination of a specimen is shown schematically in Fig. 3. 
By reason of the electrostatic lens system consisting of the Clanient-grid- 
anode assembly, a cross-over of diameter d* is'Tormed in the space between 
the grid and the anode. The image of this cross-over can be made to fall 
on the specimen plane or on planes in front or beyond it, by the proper choice 
of the current through the condenser lens. With any particular condenser 
lens, current the image cf of diameter d't is formed as shown in Uil? Fig. 3- 
Then the angular aperture of illumination or half of the angle subtended at 
the specimen point P by the cross-over image can be expressed as (Borrics 

and Ruska, 1939), 

tf, -- (j) 

{u,.+v'^)-Ue v'eUe 
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The sigLii&canee of the different quautities in this expression is shown in 
3 i life is the power of the condenser lens, dependent on its current 
strength, and rje^dkh. 

For the new microscope, Mg = 23o iiiin, ■y'c = 37o mm. so that substituting 
these values in the above expression, it can be written 

7.04 X lo"'^ -i//, 

It IS evident from iMg. 3 that the aperture cd of the condenser lens sets 
a limit to the maximum value of winch is given by, 

■■■ (2) 

2T’ c 

For Jc==l", ^ 10“'^ radian 

and for de = i\”, “e„.. = 2.rs x 10“^ radian 

The variation of “rj fhc angle of illumination with the condenser lens power 
has been calculated for various values of »t and the lesults are shown in 
Fig. 4- 


COMD£NS£Ji LENS CROSS-OVER 
, APERTURE IMAGE 


SPECIMEN OBJECTIVE LENS 
PLANE APERTURE 



Ray diagram illustrating the mode of illmiiinaliou of the speiinicn 



(J) Tm = 10 fl 

( 2 ) =S 0 M 

( 3 ) = /oofj 

(A) etc nait^43m 

(B) ^0X^3 fSxJi 


I to 12 
j MM‘'xid*' 


Fig. 4 

Variation of a. , The angle of illumination with the po^^cr of the condenser 
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S I 1$ 0 !•' FOCUSED r D u U M 1 N A T I ( ) M O N 
vS P P: G I M B N P L A N E 

From cousideratious ot exprussion (2) and Fig. 4^ I wo conclusions can be 
arnved at, viz., for the siinc condenser lens powei, «c decreases as r* is 
reduced and secondly, the late of variation of with the lens power is more 
rapid witli reduction of r/,. Low value of r*, i.c. a small size of the cross-over 
image is, therefore, an essential condition for efficient opeiation of the illumi- 
nating system. The small cioss-ovcr size has the additional advantage that, 
on being focused on the specimen, it illuminates at a time only a smaJl area 
which is under observation at the particular instant. Heating of the speci- 
men under this condition is, therefore, mininmni, so that rise in tcinperaturc 
and the consequent chance of destruction of specimen is least A small 
cross-over further ensures better contrast in the final image. In tlie present 
experiment ihe size and shape of the focused spot on the specimen p^ne w^as 
determined for different values of filament to grid spacing. 

The projector pole piece as well as the intermediate screen were removed, 
and a blank a 00 mesh wiic .screen was positioned in the specimen plane. 
With the filament to grid distance adiusted to a known \aliie, the condenser 
power w as set for parallel illumination of the wd re mesh, The ohjectivc lens 
current was next adjusted to get 011 the final screen an image of the mesh and 
a photographic record was made of it, reproduced in Plate IXA, Fig. a. 
From the actual dimension of the mesh and that of its magnified image, an 
estimate was made of the objective magnification, which tvas found to be 20X 

The wire mesh was next removed The objective lens jiower ^vas kept 
unchanged from the previous value and the condenser lens current was 
adjusted to get the smallest focused illuminated spot on the final screen, the 
focused illuminated spot on the final screen W'as evidently a niaginfied lorm 
of the focused cross-over image on the specimen jilanc. A photographic 
lecord was made of this focused spot of illumination. 

The procedure was lepeated for three other values of grid-filament 
distance. The photographs of these illuminated spots are reproduced in 
Plate IXA, Figs, b — /. The photographs oi Figs, ib) and (c) w'ere taken 
at a lower objective magnification compared to the lest. The size of these 
images when divided by the objective maguificatioji^ gave the true size of the 
cross-over images as formed on the specimen plane. 

Different grid filament distances, saturation currents and diameters of the 
coriesponding illuminated spots, as deduced from nieasureinents of iiiicio- 
graphs shown iu Plate IXA, are given in Table I. 

I'lgs. (6) to ij) point to a number of interesting facts. Fiistly, the 
formation of double image of the cross over fur close grid-filaffient distance is 
apparent from Fig. (6). This picture was taken at the same setting as ni 
Fig. (c) but with a lower beam current of 55 fia. These two spots of Fig. (b) 
are found to merge into one single entity in Fig. (c) with the increase of beam 
current from 55 /^a to 125 /la. 
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PLATE IX A I 
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a b c 



Fig. 5 

(a)— Magnified image of a wire mesh used as a support for specimen 
(h)-(f) Images of illuminated spots for different grid-filament disfances 
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a h c d e f 

Through-focus senes of electron micrographs of benzene smcljce 
for grid-filament setting corresponding to Fig ( c ), Plate IX 



h L d c f 

Through-focus senes of electron micrographs of t)enzene smoke 
for grid-filament setting corresponding to Fig { d), Plate IX A 



I d c f 

Through-focus senes of electron micrographs of benzene smoke 
for diffeient grid-hlament settings. 


(Plate 
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Table I 


Varialiou of the size of the illuiiiiuatecl spot and of saUiratiou currcul with 
differcnl grid — filament distance 


Figure (Plate | 
IXA). 1 

Filament to 

grid distance. 

Size of spots 
from micro- 
graphs 

Objective 

magnification. 

True size of 
spot on speci- 
men plane. 

S a t u ration 

1 alue of beam 
current 

Remarks 


1.6 mm. 

14 mm. X 
8mm 

|i.i 5X 

1 n20ju y 
6'Sa/i* 

i25^iA 

Sp'.t uon-iiniforni and iion-liomogencou.s , 
Higliluani rurrpiit. 

(rf) 

2 1 mm. 

12111111 dia 

bo.oX 

j 

yjOAlA 

Spot nearly circular but noii-Iioinogeiie- 
ou.Sj me(iium beam cm rent 

(f) 

3.2 mm 

8 mm. dia. 

I20 oX 


20u\ 

Spot iiuifurm and liomogciieuiii, low 
beam current 

(/) 

4.0 mm 

7 mm dia 

’120. f>X 



Spot umfoiiii and homogeneous, verv 
low beam cunetiL 


“ These sizes aie given in microns, i micron = io ^ mm, 


It is further seen that as the filament to grid distance is increased, a 
decrease in size, uniformity in shape and impioveiiieiiL in quality aie jiro- 
gressively noticed in the spot images Particularly noticeable is the absence 
in Figs, (e) and (/) of the inlcmal inhomogeniety of spots which are apparent 
m Figs, [b), (c) and (d). 

IMAGE quality P'OR DIFFERENT GRID 
FILAMENT D 1 T A N C E S 

The performance of the gnu having thus been studied, the dependence 
of the final image quality on the above mentioned factors was next con- 
sidered- 

With the projector pole piece re-inserted, a specimen was introduced into 
the microscope, the sample chosen being carbon, obtained by burning benzene 
and collecting the smoke on a blank wire mesh. P'or tlie different values of 
of the grid filament spacings of the previous observation, the specimen was 
imaged on the final sciuen with a high condenser cuircut. To obtain the 
position of exact focus, a through-focus scries of pictures uerc taken for each 
observation. The pictures arc reproduced in Plate IX B, Figs. A, B and C. 
All micrographs were made at fixed electronic magnification of io,ouoX, With 
the condenser and projector currents fixed, the objective current was varied 
iu vstteps. . Thus in Fig. t /I), the objective current was varied from 85.5 to 88ma. 
in steps of 0.5 ma. P'igurcs of (B1 were obtained with objective currents 
varying from 89 to 92 raa and in Fig. (Ci current was varied from 94 to 98 ma. 
The three series /I, B and C correspond respectively to the grid-filament 
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settings of Figs, (c), (d) and ie), of Plate IXA. In view of very low intensity 
of illumination corresponding to the setting of Fig. f/), no photograph was 
taken for this case. 

By comparing the P'igs. {A), (B) and (C) of Plate IXB it is evident that 
although the three series were taken with widely different beam currents of 
125, 40 and 10 /la, but with the same exposure time, the change in intensity 
of illumination is not appieciable. I'roin the point of view of specimen 
heating, therefoie optimum grid filamenl distance is 3 2 mm. On careful 
examination the particles in Fig. ((’) are found to be more discrete than 
those in h'ig (A). 

C O N C L U vS I O N I 

An opei ating condition of the electron gun ensuring efficient operation 
has thus been found to correspond to the grid-filameiit setting o^ Fig. (e) 
(Plate IXA) the distance of the grid to filament being 3.2 111111. and the 
saturation value of the beam current of the order of 10 jua 

Under this condition the sjiot of illumination is found to be symmetrical, 
homogeneous and of small cross-section. The low beam current further 
permits taking of micrographs without any chance of specimen destruction 
and drifting . 
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CRYSTAL STRUCTURE OF PHENANTHRENE 

B. S. BASAK 

(Received for Ituhlicalion, June 1950) 

ABSTRACT ■ The crvstal structure of pheiianthrciie has been detc-rinined by the help 
of Fouiier synthesis method Integrated iiiteiisitie*: of a laige number of nxiil and prism 
plane-t were detci mined from oscillation, lotation and moving film photogiaphs and ab- 
solute values of structure factois vveie determined b> lompai ison with ahiminmin. On 
the basis rf these F- values and existing (hemical ph\sical and inngnelic data, a structure 
is found out by trial-and-eiror method. PMection density piojectum map on the (010) 
face shows the picture of the molecule quite clearb. The length of one of the molecules 
makes an angle of 7:^“ with the fl-ixis and 6“ with the (oio plane and the plane of the 
molecule is inclined at 60' to the (010) plane 'I'he orientation of the second niolemle is 
governed hy the twofold screw axis A Ihice dimensional Fouriei suinnuLion to give 'mt 
the detailed structure analysis is in pi ogress 

Tlie crystalline structure of phenantlirene was studied by the X-ray 
diffraction method previously by Matk and Hengsteiiberg (ig29), who found 
the following dimensions for the unit cell 

fl = 8.6o.^ b = 6.iiX 

c = i9,24X /3 = 8i®45’ 

with 4 molecules in the unit cell Fiom a study of systematic absent planes 
they assigned the space-group ( 2h“^2,/f in the monoclinic system to this 
crystal. We have taken up a complete structure deieniiination of this crystal 
on account of its importance in the domain of organic chemistry. From 
over-exposed rotation photographs and goniometiic measurements, it was 
found out that the actual axial length of the unit cell was really half 
the value found out by Mark and Hengstemberg with the following values 
foi axial lengths and angles 

fl = 8.S7-^ '’ = 6 n A 

c /3 = 82 ” 3 o ' 

No. of molecules in the unit cell = 2. 

From an examination of intensities of tlic 'oko) planes and from stenc and 
symmetry considerations, the crystal was classified as belonging to the space 
group — p2i in the moiiocliinc crystal class (Basak, iQ.ib). 

Oscillation and moving film pictures about the three crysiallogiaphic 
axes were next recorded. The estimated inleusities of the different plants 

5-1738^-7 
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by compaiison with a logarithmic sector wedge were converted to absolute 
intensities and theuce to absolute values of slriielure factors by matching 
some of the reflections with standard aluminium powder lines. 

Ill carrying out a two dimensional Fourier summation, the phases of 
the structure factor tcims weie determined by the con venlional method of 
tnal-and error. The already existing chemical, magnetic and other data 
were utili.sed for lumow’ing out the field over which tiials u’ere to he given 
From the magnetic iiieasureniciils of Krishiian a d Banerjee (1036), I he mole- 
cular oneinatioii in the phenanthrciie ciystal, assiuniiig a planar configura- 
tion of the molecule, comes out to he as follows : Tlie length of the mole- 
cule lies in the foioj plane at 78 5” wdth the u-axis, ( )u the basis of their 
corrected values for magnetic data, w^e have made fresh calculations and the 
inclmaliou of the molecular plane to the ^oio) crystallographic ^dane comes 
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out to he nearly 60'" By far the strongest refleclion hap[)ens to be from the 
(201) cryslallogiaphic plane; the mcasnred ab-)Olute value of structure factor 
being about 61% of that had ail the atoiii.-) been on the (201) plane. The 
'2ii) plane too is strong enough, .suggesting Dial the inclination of the mole- 
cular plane to the (uio) plane is near about 60'’. Moreover the crystal has 
got a very prominent cleavage along the (201) plane. Taking all these 
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TABrE 1 
(Part 1) 


Index of 
the spot 

F 

CHlcnlated 

F 

( )bservud 

j 

Index of 1 

the spot ! 

b 

CalLiilatcd 

F 

( »bhei vt'd 

ooi 

-36 

35 

- 

JOl 

+ 57 

68 

002 

-19 

24 

21)1 

-2 

6 

003 

— ri 

15 

2t'3 

n 

fibs 

00/| 

-16 

3*' 

204 

-3 

3 

005 

-fT3 

ly 

205 

-1 


006 

— I 

1 

2 oh 

-2 

I 

007 

+ 3 

abs 

?07 

+ 3 

abs 

ooS 

0 

abs 

208 

-f. 

3 

ol'9 

-T 

1 

209 

+ 2 

2 



abs 

?0T 

- 17 

18 

100 

+ 1 


202 

-9 

11 

200 

“25 

3» 

203 

“IS 

20 

300 

+13 

14 

204 

H25 

33 

400 

” 5 

4 

205 

-4 

ab.s. 

501J 

+r 

7 

Ct'f) 

-2 

1 

60U 

-A 


207 

-2 

2 

700 

-5 

i 

1 ' 

208 

+ 4 

7 

.Sco 

0 

1 

j abs 

201) 

-2 

2 

QOU 

-] 

1 ubs 

.1^1 

+ 7 

5 

101 

-8 

! abs 

302 

— ] 

i 

102 

-19 

i 20 


-3 

abs 

1‘’3 

+ 2 

1 A 


-11 

6 

J04 


4 

"105 

-3 

2 

J05 

1 

5 

306 


abs 

106 

+ 5 

i 5 

1 

.3'>7 

+ 2 

1 

J07 

+ 4 

ab.s 

308 

+ 15 

11 

lOI 

+ 5 ! 

! 12 

309 

-e 

4 

102 

0 


301 

” s 

5 

103 

0 

j abs 

302 

0 


104 

+ 14 1 

7 

303 

+ 5 

- 

105 

“3 

abs. 

304 

-8 

3 

1 

106 

-6 

5 


+ 1 

1 3 
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TaBi.E licontd.) 


Index of 
the spot 

h 

CalcnlTted 

(Observed 

Index cf 

Ihe .split 

F 

Calrulated 

7 -' 

Obsei ved 



abs 

306 

+ 2 

abs. 

y? 

+4 

abs 

50 ‘J 

+ 1 

abs 

^nS 

-6 

abs 

6nl 

- 1-1 

abs. 

3^9 

+ ] 

abs 

6n2 

-^3 

3 

i|(a 

1 

4 

6(>.i 

-3 

3 

1 

.10:; 

~ 3 

5 

6li4 

+ 1 

abs 

-103 


6 

6()s 

-3 


l »4 


6 

6 oi 

— I 

\ abs. 

405 

0 

al)« 

iv 2 

-1 

ab.s 

.-10^ 


abs 

603 

+ 4 

4 

407 

Cl 


604 

+ 3 

3 

40H 

+ 5 

3 

60s 

-h 2 

abs 

401 

-*6 

5 

701 

-Vn 

9 

40 i 

— 3 

4 

702 


abs 

4 <J 3 

+ II 

7 

70 ^ 

-3 

flbs 

404 

+ I 

abs 

7^1 

— 1 

ab.s 

\05 

-5 

abs 

7 t ’5 

+ 7 

7 

406 

+ 2 

abs 

706 

-4 

3 

4'7 

46 

4 

701 

-2 

a b.s 

/joS 

‘-4 

2 

702 

— 2 

abs 

50] 

CJ 

1 

703 

-4 

3 

SC 2 

-3 

abs. 

704 

+ .S 

7 

303 


ab.s 

7 «.S 

- 1 

abs 

S^-\ 

4 la 

1 2 

706 ~ 

0 

abs. 

S03 

- n 

9 




509 

+ 10 

12 





-3 

- 




50J 

-3 

j 




503 

— 2 

abs. 




504 

+ 3 

abs. 




50.S 

-3 

abs. 
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Crystal Shucture oj Phenanthrene 
Taki.e I (Part IT) 

Since in these piojectioiis, there aic no centres of symmetry, only the 
numeiical values of F aie ^iven 


Index c'f the 

F 

F 

Index of I 

/' j 

fr 

plane 

CaU'iilaled 

Observed 

the plane j 

t'alcula'.ed j 

CalmJuted 

020 

lO 

j8 

110 

,11 

-If’ 

3 *'^ 

0^0 

3 

3 

210 

3 “ 

1 1 

nt)o 

5 

9 

310 

fi 

on 

7 

4 

410 


20 

072 

3 

abh. 

530 : 

! ' 

n 

013 

6 

abs. 

Oil. 

1 5 : 

6 

ni.| 

11 

J 4 

'710 

1 ' i 

.nbs 

015 

10 

15 

1 JO 

1 5 ' 

4 

OK'. 

2 

abs 

220 


s 

017 

s 

7 

32 <. 

1 12 ' 

11 

021 

1 1 

IS 

420 

5 ! 

4 

022 

3 1 


5 ^<-> 

1 ' 


0:13 

13 

: 19 

620 


abs. 

034 


b 

13 “ 

i 4 i 

4 

025 

3 

; abs 

230 

1 1 

7 

oiO 

2 

1 abs 


i ■» 

abs. 

037 

11 

1 14 

15“ 

! ^ i 

9 

“31 

10 

i 5 


1 


032 

6 

1 abs 


1 1 


033 

9 

1 9 


1 1 



I 

1 abs- 


i 



Table II 

Co-orcliiiatcs of the atoms 


Description of the | 

A /n 

y, b 


alt m j 

I 


^'1 i 

I 0-3SSO 

0 3100 

u IIuO 


0 2920 

0 1249 

“ 3538 

( •: i 

0.4148 

0 470“ 

0.2105 

('i 

0 2289 

0 1008 

0.2980 

^’5 

“•3517 

0.4461) 

0 3547 

c\ 

0.25S7 

0 2618 

0 3985 

F7 1 

0 3815 

0 6079 

0-4552 

B 

0 1956 

0.2377 

0 5427 

Q ' 

0 3184 

0 5838 

0.5994 

^ 1 0 

Ol 

0 1026 

0 0526 

0 5865 

0 225.1 

0 3987 

0 6432 

cla 

“.0395 

0 0285 

0 7307 

Cl 3 

0 1623 

0.3-46 

0,7874 

Cji 

! 0 0693 

0.1S95 

0,8312 


points into consideration, the molecule is assumed to be oriented with its 
length in the (oio) plane at 78^** to the a-axis and its molecular plane at 60 
to the b-plane. Trials were given by varying the orientations and maich- 
mg the calculated values of structure factors with the observed ones. The 

lengths of the aiomatic c-c bond were assumed to be 1.41 ^ ^o^^orraity 
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with the deteriiiiiiationb of similar compounds by Daiiei jec (1930), Robertson 
(1933) and others. 

After a lar^^e immlKT of trials, agreement between observed and calculated 
F-values was reached at the following orientation . The length of the mole- 
cule wliicli it.self is planar makes an angle of 6" with the b-plane and 75® 
with the rt-axis while molecular plane is inclined at 60'' to the (oio) plane. 
'J he orientation of the second molecule in the crystal is governed by the 
iwo-fold screw axis of symmetry- 

A two-dimensional houner siiiiimatioii was next earned out around 
li-axis using the metliod of summation described by Lipsou and Beevers 
(193,4). From the resultant eleciron density map the apiiearance of the 
molecule can be seen with reasonable clearness. 

The A-and c-co-oidinales only are obtained from this pro.iectibii, while 
the y-co-oidiiiatcs were deteimiiied by trial from the F-values of uhe (okl) 
and (hkoj planes. The agreement between obseived and calculateid values 
of structure factors can be seen from Table I. \ 

Pi ejections along the other two axes aie in jiiogress and a lefineiiieut 
of the paramelcrs by a thiee dimensional Foiiiier siimmation will be carried 
out. 
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SOME NUCLEAR LEVELS 

By M. !•'. SOON AW ALA 

lot f^iibltcalioH, ()ctohri j,>, njfi;] 

ABSTRACT. The energy levels of .'inrl luiclei are dei ived on Uie basis , f the 
iiiu'lear •^Iructurc pie\ ionslv discussed 

A View has been put forward that tlie rare gas nuclei behave as particles 
with a degree of uiisaturatioii \Nhich iuduces ihciii to combine readily with 
each othei The nucleus is assumed to consist of the nuclei of the lare gases 
and protons and neutrons as the piincipal eoiistitueiils ivSooiiawuki, 1929, 
1942 ; Cl. Mayei, 1948). Farther, it ha^ been shown (Sooiiawala, 1947) that 
for such a nucleus with two constituents, a simple extension of the elementary 
Uohr theory of circular orbits enables us to calculate the ladii and energies 
of the quantized orbits depending upon the poleiilial of interaction hi tween 
the particles. ( )ne relation so derived is 

STr'^nijmnMJi 

where E is the energy of the orbit and r is the distance hetweeii the jiarticles 
revolving about their common centre of gravity and whose mass-numbers 
are nii and »i.2' ^ fbe mass of the iirolon, .s is one of the group numbers 

given as the reciprocal of any factor common to nii and mo, or such a 
fraction plus any integer. If vve assume the iiitei -constituent potential to be 
of the Yuka\^ a form, I'.c / r then, 

I iSTi^mimoil/F”^ 

For given values of I' and A, we can get the distance r for the quantized 
orbit corresponding to the number .s, and Kqii (i) then gives the energy of 
the orbit. 

The iS-aud y-ray spectra of some nuclei are known and schemes 
of energy levels salLsfying these energy differences can be sought, ihe 
procedure adopted here is as follows The distance between the constituents 
is calculated for the normal stale from liie known uiomciit of merlia of the 
nucleus v\hich is taken from the .same source as before, ihis distance is 
assumed to be equal to i/A m 12) The highest value of h is taken from the 
energy data, when known, as the energy of the highest level. A suitable 
value of i is chosen, and for this puipose trial is made for different values of 
starting from the lowest Fqn, (i) is u»ed to get the intcr-conslitueiit distance 
r from the values of j and E. Hqu. (2) then incidentally gives the value of k, 
the poteuliai depth. Hqu. (2) is employed to find » for the next smaller value of 
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.V aud the same value of V aud A as before. PVom this, (ij gives the corres- 
ponding value of E as the energy of the level. This is carried out for all 
lower values of .s, giving the energies of all these lower levels. The test of 
the correctness will be provided by comparison with the y-and /S-ray spectra. 

The two nuclei discussed here on these lines are Mg**"* and The 

spectrum of Mg®^ is taken as given by Kruger and Ogle (1945). The y-ray 
spectrum of consists of the two principal transitions of energies 
17.6 Mev and 14. S Mev Besides these, Hornyak and I^auritsen (1948) have 
given an energy scheme for Be'’ based on various other experimental data 
Mg®^ : The mass'nuiiiber.s of the constituent particles are 20 and 4. The 
possible values of 5 are, therefore, 1, i, li, r^, 2, 2I, etc. Working from 
y = l upwaids, we find the first evidence of a satisfactory agreeifient with 
experimental data for s=ii. The moment of inertia of Mg®'*^ is 5.20 x 10"'*'^ 
gm cm®. This gives r=i,25Xio”’® cm, which is taken as the \ value of 


i/A. With A = 1.5 
(2) takes the form 

and Ii=5.27 Mev“8.43Xio erg, 1 ~ 3.88 x 

\ 

’ ® cm 


It. .-A, = In'' 

■ 

Or, 

lo8r-Ar/a3 = los =3' 

(l) 

Or, 

log }-iia = y, 

.. is) 


where a=2.3/A 

Here In and log denote logarithms to the base c and 10 lespectivcly. This 
gives ^ = 7.32 X 10“'^’ f. and r are then calculated from fi) and (5) for the 
lower values of s; i.e , ^==1.25, i.o, 0.5, and 0.25. These are shown in 
Table I. As shown in Table 11, these energy levels are able to exiilani 
satisfactorily five of the eight gamma-ray energies. A sixth one, 3,24 Mev, 
may be said to be e'xplamcd but not satisfactorily. The energies 2.76 Mev 
and 2.89 Mev remain unexplained 

A slight alleiation of V is seen to produce marked changes in the good- 
ness of fit with the observations. Thus, if K = 7 o x the ciieigy levels 

are as shown in Table I. Here we find that the misfit for 3.24 M^v remains 
of the same Older as before, but the other euergie's fit in better. Similaily, 
1/ = 6.46 X gives the levels as shown in Table 1 with less signs ol 

agreement with experimental data. 

It is characteristic of the calculations presented here that the lower levels 
are crowded close together while the upper ones lend to open out more and 
more- In this connection w'e may note that the .^S-ray spectrum of Mg®"^ 
consists of the three lines 1.84, 1.63 and i 07 Mev. These may belong to 
transitions from an outer Na®**^ level to a group such as that formed by the 
three lowest levels of Mg®^ as deiived above. Alternatively! the Iraiisilioii 
may be due to an unresolved group at the lop. 
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Table I 



Table II 


llie yaiiima ray lines and Iheir po>ssiblc oiii*iiis. 



^=7.32 

7.00 

6 ^]6 X 

pamma energies 
(Mev) 




1.38 

(42) 

2,6S-j 25 = 1 .13 

2.80-j 30=1.50 


3.56 

(26) 

2 68 — 0.16 = 2.52 



l.:;6 

(25) 

1.25—0 = 1.25 j 

1.30- 03=1 27 


2 68 
(16) 

2.68—0 = 2 68 

I 

2.80—0 16 = 2.64 


2.76 

(15) 


2 80-0.03 = 2.77 

— 

_ 2.89 

•9) 


2.80—0 = 2.8 

2.96-0.14 = . 1.82 

3-24 

(i) 

5.27-1.25=4 1 

5 5-i-3 = 4-2 

5.94-2.96 = 2.98 


in brac^tp indicale relative intensities- 


«-i 738P- 7 
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Fig. I 

I shows the evels given by Homyak and Lauritsen and II shows those calculated 
by the author. ~ 

Table 111 


Be®. <* = 1 38 F=3.8 o ro“ 


s a. 25 

2.0 

1.50 1 i.-is 

1 1.00 

1 0.5 

1 

j 0.2s 

r J.37 

X.60 

1 2.11 ; 2.42 

2.77 , 

3.78 

1 4,75 10" *2 cm 

E 17.6 

1 10 0 

3-3 1 1-8 

0.85 

0.12 

0.02 Mev 
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Be® : Here the constituents are two alpha particles, and hence 
— 4- The values of i' are i, i^, etc. The lowest value of i 
giving an indication of satisfactory fit is <=2.25, With ^ = 17.6 Mev as the 
maximum, ^ = 2.25 gives 7=1.37 xio “^2 cm and ^=7.63 x 10"^^. The 
moment of inertia of Be® is 1.2 x lo"**® gni. cm. This gives 3.0 x cm 

as the radius of the orbit ; or, i,''A = 6.o x io~' ^ cm The values of r and h 
for .9=2, 1.5, i.25i i.o, 0.5, and 0.25 are also given in Table II. The 
principal lines are 17.6 Mev and 14.8 Mev which are represented here as 17.6 
Mev and 14.3 Mev. Bennett and others, (1947) list tlie transition 14.5 Mev 
as doubtful and 4 9 Mev as certain ; while, Walker and MacDaniel (1948) 
in tlieir later work confiim the existence of the 14.8 Mev line, but apparently 
find no trace of the 4.9 Mev transition Resonance is found for the reaction 
Li" (f’, v) Be® at 440 kev, but no other below 1 8 Mev. The level schemes of 
Ilornyak and Launtsen arc shown in Fig i compared with those derived in 
this paper. 

Considering the simplicity of our assumptions, it is satisfactory to note 
that the salient features of the gamma and beta ray spectra are explicable 
to the extent shown above. A better fit may be possible with a more judi- 
cious choice of the constants V and and of the potential function. A 
further refinement may be expected to resolve some of the levels into finer 
structures. Thus, the Hue 17.6 ]\Ie\ of the Be spectrum may resolve itself 
into a group such as shown by the transitions 19 15, 18.13 and 17.57 Mev 
111 the scheme of Honiyak and Lauritseii This has also b.een suggested 
above for the explanation of the beta ray spectrum of Mg* L 
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A SPECTROSCOPIC STUDY OF A CONDENSED SPARI^ 
BETWE^ COPPER electrodes IN IiTuSa™" 
GAS, AIR AND CARBON DIOXIDE AT 
VARIOUS PRESSURES, PART II 

By jagdko simm 


Plates XA, U and C 
{Received 1oi publication, fuiie a, jq^o) 

ABBTB»CT. A dulailed bludv of the iiatar, of the spertia at varioas portions of a 
condeiiaed spark ui illunuuating Ras, air and carl, on diov.dc at varion.s pressures is described 
and some of the important obseivations and results obained a.e lepo.lcd in the present 
paper, 

introduction 

111 a previous communication (Singh and Ramiilu, 1945) arc reported 
results obtained during a spectroscopic study of an uncondciised spark' 
discharge maiutaiiied between copper electrodes by a large niduclion coil in 
ilhiiiiiiialiug gas, aii and carbon dioxide at various pressures ranging from 
2 cins of iiieicury to the atmospheric pressure. a'X iinml)L’r of observations 
have been recorded there concerning the characteristic clcvelopmenl of line, 
band and continuous spectra at different pressures and in different parts of 
spark. Such studies have now been extended to the spectra obtained 
with a coiideused spark discharge in each of the ihiec above-mculioned gases 
and at vSimilar piessures. In this paper results obtained aie collected 

nXPDR IMh'NT AD A R R A N 0 R .M U N T AND PROCRDURK 

The general experimental arrangement is similar to that previously 
described, with some necessary and small modifications. In the present case 
the discharge tube was not blown to the form of a bulb as previously. The 
length of the discharge tube was 34 cms., and its internal diameter was 4 cms. 
The electrodes, one of which was a disc of i cm diameter and the other a 
pointed rod, were of cojipcr and were fused on to the opposite sides of the 
discharge tube with a distance of 1.3 cms between the free ends. The dis- 
charge lube had a quartz window attadied to it and an inlet and an outlet, 
so that the lube could be washed by the gas under experiment a number of 
times and finally filled with it at the required pressure. The illuminating 
gas used was the one supplied by the University for laboratory purposes 
and is reported to be of the same constituents as the one used in the previous 
Work. Carbon dioxide was obtained from a commercial steel cylinder, ihe 
purity is not known, but obviously it contains some small quantity of nitro- 
gen. The air used was drawn directly from the atmosphere through drying 
tubes containiug CaClj and Pd )r,. 
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The discharges were excited by a transformer delivering 6,000 volts 
approximately, the primary being fed by no volts, 50 cycles/sec-single 
phase. The condenser (capacity = ,00 18 yuf., was joined as usual in parallel 
to the spark gap in the discharge tube. Generally 110 auxiliary spark gap 
was used although in a few cases an additional spark gap of variable length 
was employed. 

Spectra were photographed on a medium Hilger quartz spectrograph. 
Using a Hartman diaphragm of thiec slots, spectra of tlie discharges near 
the disc end, the centre and the pointed end of the horizontal spark have each 
been photographed successively for a given pressure. These have been 
denoted by F, C and B resiiectively in the spectrograms given. . Kastman 
Kodak D-20 and Illford Seloclirome (orthochromatic) plates have l|>cen used. 
All spectra, except a few which have been so indicated, have been taken 
with the same exposure time 1. e. 10 minutes. \ 

In Plate X, Fig i is representative of spectra obtained with ilkpninating 
gas at pressures of 20, 10, 5, 3 and i ems of mercury. Fig. 2 is that for aii 
at pressures of 40, 30, 20, to and 3 cins. Fig. 3 represents those taken with air 
at a pressure of 10 ciiis when auxiliary spark gai)S of r, 2 and 3 mm were 
used in series with the main spark gap m the discharge tube. Figs. /\ and 
5 are for carbon dioxide at pressures of 20, 10, 5 and i ems and 32, x8, 10 
and 4 ems respectively. Fig, 6 represents .spectra obtained for carbon dioxide 
at a pressure of 10 ems at the point end of the spark wij.h an auxiliary gap 
of 2 mm and also without it. 

R E S U L TvS AND DISCUSSIONS 

Before the spectroscopic Study of the plates is described, some observa- 
tions regarding the spark discharge, and attendant Auclualions of pressure, 
which have been observed, might be uicntionc-d. It was observed that with 
the condenser and Iraiisformcr employed, the spark discharge could be obtain- 
ed up to a pressure of 60 ciiis in the case of air, while in the case of carbon 
dioxide and the illuminating gas, the inaxiinum pressures foi Ihe spark dis- 
charge to take place were only 35 ems and 25 cins Variations in pressures 
during the course of the discharge have been observed at differcnl pressures in 
all the three gases. In the case of the illuininaliiig gas and air the pressure 
inside the discharge tube goes on increasing up to a certain value after the 
discharge is started and then becomes constant, whereas in the case of carbon 
dioxide the pressure first iiicreajes to a certain maximum value and then 
begins to fluctuate almost periodically, the period being greater at higher 
pressures and smaller at lower pressures. The sudden increase of pressure in 
the carbon dioxide is also accompanied by a sudden glow, almost filling the 
whole of the discharge tube up to the window. The maximum increase of the 
pressure after the discharge is started is found to be at an optimum pressure, 
below and above which the pressure increase is comparatively less. Table 
I {a, b and c) gives a comparative idea of the increase of pressure in the three 
gases at various pressures. 
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This aspect of the pressure fluctuatiou has been discussed in detail 
by Sita Ram Swauii (19^8). According to his observations the range of 
pressure changes in carbon dioxide can be divided into two classes ; (i) The 
region in which there is a periodic variation of pressure, i c , pressures from 
40 cnis to 10 cms. (2) The region in which the variation of jncssures is gradual 
and nonperiodic, covering all piessures below to cms. In this region 
the pressure increase is much less than in the above region and the final 
pressure reaches a steady value. 

According to him these two regions are distinctly marked spectroscopically 
also. The region (i) is characterised by the emission of atomic lines 
recorded in the photographic plates, while the region (2) is characterised by 
the emission of molecular bands only. Thus the pressure variations and the 
spectral changes arc intimately connected 

In the previous work with the large induction coil, the dischaige was 
decidedly unidirectional and either the disc electrode or the bar electrode 
could be made the cathode, which could be distinguished as such by the 
hature of the discharge at lower piessures lu the present case, where the 
discharge is maintained by a transformer, one would expect the discharge to 
be alternating in type, actually, however, it was found that there was a good 
deal of reclificution and the point electrode was oliserved to act as the cathode. 
This occurred at all the pressures investigated into and in all the lliice gases 

It may be mentioned that rectification in discharge tubes is a well known 
pheuouieiiou although the quautilativ’c study of it has been but little. 
Chiplonkar has reported certain investigations of this phenomenon but his data 
are for relatively lowei pressures (of the order of i.S to 10 ^ cms of mercury) 
than those used hcie Dal a foi liigher pressures seem to be desirable. It is 
interesting to uote that rectification is iimiiiiium in the case of the discharge 
tubes, when the electiodes arc identical in shape, si/.c and material. 

Study of the Plates XABC has been done on lines similai to those reported 
before. Observations are lestnctcd to atomic lines, continuous spectra and 
systems of bauds obtained. Atomic lines mostly belonging to the matciial 
of the electrodes are prominent at all pressures, beginning from the highest 
employed up to a pressuie of 5 cms in the case of illuiiiinating gas (see Fig. 1), 
20 cms in the case of air (see Fig. 2'. and 4 cms in the ca.se of carbon dioxide 
(see Figs. 4 and 5) respectively. Some of the general featuies of the lines aie 


sumniatised in Table II . r -i, ■ i.- 

Kniission of continuous spectrum is prominent in the case o 1 umina 1 g 
gas and carbon dioxide. It is not so prominent in air at sum 
pressures in which case the continuous spectrum makes its appearanc" 
only at a pressure of 40 cms and extends upto 2400 . In tic 
of illuminating gas and carbon dioxide, the continuous spectrum is 
stronger in intensity than in the case of air and extends from tmic 
upto 2400X approximately even at comparatively lowei pres/i' 
emission was observed in the illuiiiinating gas at a piessure 0 
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not below. Higher pressures could not be employed. In the case of carbon 
dioxide, the continuous speclruni was present at the pressures of 20 and 30 
ems but not at lower pressiues. The continuous si)ectra in the cases of 
illuminating gas and carbon dioxide are stionger at the centre of the spark 
than at either end, whereas in the case of air' it is equally strong at F and C. 
In Tabic itl are summarised some features of the continuous spectrum. 

It is difficult to explain the origin of the continuous emission. More 
detailed invesLigatious on the intensity distribution in the continuous band 
might throw some light on this point. This, however, has not been 
attempted. 

In the ca.se of ail, tJicre IS a small 1 eg 1011 of diffuse spectrum extending 
through a region of 50.^ with its niaxmiLim at 2900X. . This is stronger at a 
pressure of 40 cnis. and gels weaker at lower pressures and completely dis- 
appears at the pres.sure of 20 cnis. This diffuse spectrum is not present in the 
case of illuminating gas and caiboii dioxide. \ 

The observations couceriimg the developments of bands at Ht^ different 
pressures and in various portions of the spark are summarised in Table IV* 
They arc either very weak or completely absent at higher iircssures and 
increase in intensity as the prcs.'^ure decreases and are best developed at a 
pressure of lo ems in the case of air and between to and 5 ems m the 
other two gases For the development of the bands, the most striking feature 
i.s that in the case of ilium iiiatiug gas very aiipioxinialely all the three parts 
behave similarly, iu the case of air F and C behave similarly and in the ca.se 
of carbon dioxide all the three paits behave differently. In general the ‘C' 
part is weaker below a pre.ssure of 3 ems and stronger after a pie.ssurc of 
20 ems. 


Table 1(a) 

Change of pressure in ems. in the case of Illuminating gas 


Time 

Initial pre&suics 

j/\ ems. 

20 cm.s. 

22 cm.s. 

TO sec. 

3 



30 „ 

1-4 

.3 6 

2.8 

T niiu 

I.S 

^.8 

.V2 

1-5 

2 

,5-6 

3 6 


2 2 

6 0 

3.8 

^ 5 

2 1 

6 2 

3-8 

3 .i 

2.4 

6.4 

^.0 

A n 

2.6 

6.6 

^.2 

5 .. 

2.6 

6.8 

4.4 

6 „ 

2.6 

6.8 

A-A 

7 i. 

2 6 

6.8 

A'A 

8 „ 

2.6 

6.8 

A-A 

9 n 

2.6 

7.0 

A-A 

ro 

2.6 

7.2 

4.4 
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3 2 

3 6 

2 „ 30 M 

2 2 

13 6 

3-8 

3 „ 

2 4 

3-2 

4.0 

3 30 „ 

2 4 

34 

4 2 

4 „ 

24 


42 

4 ., 30 M 

2.4 

3.0 

42 

5 M 

24 

3-2 

■1-2 

5 j, 10 „ 

- 

66 

“ 

5 n 30 M 

2-4 

“ 

4 2 

6 „ ■ 

3.4 

3 4 

4 2 

.. 30 .. 

2 6 

38 

4.3 

7 n 

2 6 

6.6 

4 2 

7 M 30 „ 

2.6 

3-0 

4.3 

8 ,, 

2.ti 

3-6 

4.2 

8 ., 30 „ 

- 

6.6 

4.2 

8 ,, 40 ,, 

5-« 

“ 

-- 
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Table Kc) (contd.) 


1 

1 

! 

I ime 

Initial pressures 

17 ClllS. 

22 crus. 

27 eras. 

9 „ 

2 4 

3 6 

4.2 

9 ,1 .. 

2-1 

3 6 

18.0 

10 ,, 

2 6 

4.6 

3-0 

10 „ 30 1. 

26 

7.6 


3.8 

II min 

3 8 

3-4 

1 

4.0 

II ,, 30 sec. 

2.6 

38 


4 2 

11 n 50 J. 

- 

76 


\ - 

12 ,, 

1 

3.6 


\ ... 

12 j, 20 ,, 

i 

- 

- 

12 M 30 ,, 

3 6 

3 6 

16.0 

13 

2 6 

38 

3 0 

13 .. 30 „ 

i 2 6 

1 

38 

13 „ 35 .. 

\ 3 6 

- 

- 

13 u 50 „ 

1 - 

13 6 


14 n 

1 


4.0 

14 .. 30 

^6 

3.8 

4.4 

15 M 

2 1 

i.O 

1-1 

15 ,, 10 ,, 

3 6 


— 

15 1. 30 .. 

2 6 

4.0 

4.4 

16 ,, 

2 6 

136 

4.4 

16 ,, 30 „ 

2 6 

3 6 

4 1 

16 n 35 

3-4 

-- 

— 

17 .. 

2 6 

-36 

4,4 

17 1. 30 ,» 

2.6 

13 6 

4.4 

is „ 

2 6 

3.6 

4.4 

is ,, 30 .. 

2.6 

4 0 

4 4 

18 n 35 

- 

13 6 

- 

18 ,, so 

~ 

- 

16.0 

18 „ 55 ,, 

36 

— 
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Taule 1(f) iconid.) 
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Initial picssuies 


Time 

17 t ins 

2? tni.s j 

27 cnis 

19 

in in. 

2.6 


3 0 

19 

i> 30 sec. 

2 fi 

1.2 

3 f' 

20 


2 0 

13 6 

1 0 

20 

j, 30 

2.6 

3 6 

1 ' 

20 

50 

3 

— 


21 


2 6 

4.0 

' 

21 

30 

2 5 

‘1 " 

! A ^ 

22 


2 6 

6 6 

1 4 4 


In all the three cases there was found to be no mcioasc nf pip^'^ure at the initial pics- 
suies of 5 ems and below. 


TabIvE II 

(Ivines) 


Illuminating gas 

buies are present from 20 
ems up to a pressure of 
5 ems. 1 

Copper lines aie tronger at , 
the eiid.s and weaker at the 1 
centre. 


Lines other than copper (0 
and Cl are .stionger at the 1 
centre and weaker at the ! 
ends (I^g i) I 

Copper lines at 327/iX and j 
a are shaded to the | 
violet nt the spark end.s 1' ; 
and B but not at the 
centre This occurs only 
at the pressure of ao ems 
but not below . 


Ail 


They are pie.scnt from .(o 
ctus up to ’o cni.s 

Copper lines are equally 
strong at T and C and 
wcakei at 11, except the 
lines at 3347A and 3274A 
which are .strongei at the 
ends and weaker at the 
centre 

Lines other than copper are 
strong at 1 ', w-eak at C and 
weaker at B (I'ig 2' 

'I'licse copper lines aic not 
shaded at all at anv pies- 
sure and in anv part 


Caibon dioxide 

'J'hcv are present frotu 30 
ems up to 4 ems 

Copper lines are stronger at 
the ends and w'eaker at the 
centre 


L1UC.S other than copper are 
.stronger at the centie and 
weaker at the ends (Tigs 4 
and 3) 

Thc.se copper lines arc shadt'd 
lo the violet at F and B 
but not at C at ihe pies- 
faurcs of 20 and 30 erns. 
only , 


Table III 

(Contiinia) 


Illuminating gas. 


Air 


Carbon dioxide 


'I'hc continuous spectrum is 
piescntatthe pressures of 
10 and 20 fins. At 20 ems 
it IS present in all the three 
pails (if the .spark, but is 
stronger at the centre and 
extends up to 3400 A. At 
10 ctus, it is faintly present 
111 F and C and is stronger 
at C and extends up to 
3700A (Fig. i). 


The continuous .speolruni is 
fairly '-Irong at a pressure 
of 10 ems. and i.s equally 
strong at F and C In this 
case alvSO it exteud.s up to 
3400^ (Fig. 2) 


The (ontiniious spectrum is 
present at the pi ess nres of 
20 and 30 cins. At 30 eras 
it is pic.sent in all the three 
parts but i.s stronger at 
the centre, whereas at 20 
cnis it is present only at 
the centre and it extends at 
both the pressures up to 
2400A. (Figs. 4 and 5). 


Illuminating ga^, (investigated at Air (investigated at pressmes 40—3 cms ) Carbon dioxide (investigated at pressures 

pressures 20—1 cms.l 32 3 cms.) 
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By using a spark gap in series with the main spark of the discharge tube, 
the bands are weakened and the lines strengthened. The lines are best 
developed with the spark gap of 2 mins in the case of air which is the 
optimum spark gap for the best development of the lines. The bands are 
best developed without the spark gap or with the spark gap of iniuimmn 
distance [i mm. in this case). 

The following arc some of the more important observations and results 
obtained : 

la) After the discharge is excited there is an increase of pressure which 
is maximum in the illuminating gas, and miuimuin in air at simil£|r pressures. 
After attaining the maximum pressure, it remains almost coiisttint in illu- 
minating gas and in air, but it fluctuates periodically in carbon dioxide 
and each sudden fluctuation is accompanied by a sudden glow filling the whole 
of the tube. 

ft) There is rectificatiou in the discharge tube in all the three lgase.s and 
at all the pressures investigated. 

(c) The lines are stronger at higher pressures and weaker at lower 
picssures. Most of the lines are due to the material of the electrodes and arc 
confined mostly to the ends of the spark. Lines other thau those due to the 
electrodes are .strouger at the centre and weaker at the ends. 

{d) Copper lines (3247A and 327'iX) show pccul^r shading; near the 
end portions of the spark in the illuminating gas and caiboii dioxide at higher 
prc.ssuies. 

(f) Continuous spectrum is present only at higher pressures aud is 
stionger in the ‘C’ pait for the illiiininating gas and carbon dioxide and 
equally strong in K and C parts in tlie case of air 

if) Bauds, in general, are best developed at pressures between lo and 
5 cms. 

For the development of bands very approximately all the three jiarts 
behave similarly in the case of the illuminating gas, F and C behave similarly 
ill the case of air, and all behave dissimilarly in the case of carbon dioxide. 
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ON THE X-RAY LUMINESCENCE SPECTRA OF THALLIUM- 
ACTIVATED ALKALI HALIDE CRYSTALS* 


By APARESH CHATTERJEE 

(Received fo) publication, June 2y, nyjo) 

Plate* XI 

ABSTRACT. The X i;iy luniiiicscciice speotia of tliaUiiim-adivated alkali hdlick'^ have 
been investigated at 01 (liiiary aiifl low tempeialiirc'i The banfl .‘.ystcuis aic of two ivpes , 
the visible part is due to the lattice eiiiissiou, while the shoi i wavelcugLh pan cxhibiti. 
characteristic thallinin emission The lattice bands gain iii mlciisity due to the pre, seine 
of thallium. The intensity of the characteristic baud is linearly i elated to the conccntia- 
tion of thallium. It has been -shown that Seitz’s explanation of the chai acteristic thallium 
baud emission is inadeiiuatc, and an alternative eneigy level scheme has been proposed 

I N T R 0 I) T1 C T I n N 


Since initialed by Pohl and hih associates, the tliallium-aclivated alkali 
halide crystal phosphors occupy an unigue place in phosphor research. 
These substances gave a clue to an attempt of understanding correctly the 
luminescence processes in crystals in general The absorption spectra were 
studied by Hilscli and Pohl (1928, followed by many papers), and Eon 0 

(1929). All early e.vplaualion of absorption was given by Seitz (1938, 1939), 

who attributed tlie absorption peaks at 19S. 205. 247-5 ’"I* ^Cl-Tl to the 
clcctiomc transitions and of the thallium 

ions modified by the Madcluug field in a lattice. Eialkovskaya (i948n) has 
reported another temiierature-insensitive weak absorption band (at 273 ’»/* 
for KCl-Tl, and at 300 m £« KBr-Tl) at high thallium conceiitiations 
detectable only in tliick single crystals. Koch U929) ba.s shown that lhalhiiiii 


is motialomically dispersed in the lattice. 

The emission spectra of these phosphors have been studied by von 
Meyeren(i93o).Bunger (1930). FlechsiR (1930), Fromherz . Banger 

and Flechsig (1931). Piiogsbam (1942). Eialkovskaya (19-18 ), a an an 
Pviugsheim (1948), .Shalmiova (1948), Bose and Sharina (1950) ^ repot 0 

the earlier work may be found in articlc.s by Hilsch (1937) and Rees (1942) , 

the older lileratuvc deals exclusively with emission of the phospliois by using 


ultraviolet excitation. i 

Thallium may be introduced in the lattice of the alkali halides by 
or by electrolytic dispersion, or by evaporation from a concentratec 


fusion, 

solution 


•• CoiunmuicQled bv Tiof. S N. buse. 
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(Priiigsheirn, 1942) or by prolonged grinding of the thallous salts iHutten 
and Pfingsheiiii, 1948) ; the negative ion of the thallous salt is of little 
consequence in forming such mixed crystals. Perturbations in the original 
lattice due to the excess of positive ions from ideal stoichiometric proportions 
are produced in such impurity crystals. 

PRKSE5NT WORK 

The luminescence spectra of alkali halides activated by thallium have 
been recently investigated by Bose and Shanna (1950) under cathode rays. 
The samples were prepaied by melting the mixture of weighed quantities of 
TlCl and the alkali halide at about 900 '’C. The present investigations were 
carried out by using the same phosphors under X-ray excitation to confirm 
and supplement their measurements. \ 

The amount of thallium present in the phosphors is given askhe percen- 
tage weight of TlCl dissolved in 100 gins of alkali halides, and not as molar 
ratios. For recording the spectra at liquid oxygen temperature^, a special 
sample holder was constructed, as shown in F'ig . i. C)ther experimental 
arrangements have already been described (Chatterjec, 195O1 henceforth 
referred to as Paper i). 



(a) 


Fig. t 

Ijcnv leinpeiature phospor holder 

(a) IvongiLudical vSectioiJ , (b) Transverse hectioij near the Ix>ttoni, 

The spectra are shown in Plate XI the microphotometcr traces in Fig. 2, 
and the measurements in Table I. Since the measurements are inaccurate 
by ± 20 AU at 300 m/i, and no sy.stematic .shifts in the room temiieraturc 
(25'’C) and low temperature (-i8o“C) spectra were found, only the low tem- 
perature data are given. 

NATURE OF THE EMISSION BANDS 
Comparing the present data with those of other workers, it may look 
surprising that in almost all cases the longer wavelength bands are completely 
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absent, and visible luminescence has been entirely overlooked. £for the 
convenience o£ comparision, the older work is summarized in Table II. 

(a) 

(b) 

(c) 

(d) 

(c) 

Fig. 2 

Miciophotonieter traces of luttiinoscencc spectra (reduced] (n) NaCl-'l'l (i o%l : 

{b) Nabr.Tl (2.5%); (c) KCl-Tl (25%), (d) KBr.TU2.5%); (r) KI-Tl (o,s%i. 

Tabi.e I 

X-Ray Luminescence Spectra of Thallium Activated Alkali Halides 



Phosphor 

Approximate ranges i 

NaPl-Tl 

496-350 

(1.0%) 

305-270 

Nahr-Tl 

600-505 

(2 5%) 

470-440 

400 — 2S0 
continuous 

KCl-Tl 

65 1-500 

(2.5%) 

500-405 

340-280 

KHr-Tl 

500-275 ) 

(2.5%) 

continuous 1 
with peaks 1 
difficult 1 
to locate, j 

KI-TI 

660-510 ^ 

(0.5%) 

continuous, V 
very faint ) 
470-360 


vin peak positioiii lu in/* 


30 3 

289.0 (Tl) 

57 .S, 530 

050 

4^5- 5j 350'5. 33’’(?). 3io 

299.0 (Tl' 

617, 5^3 5 , 523 '5 
460 5 

303 0 ITI) 


450, 422 
394. .366 

3^5 (Tl) 


537i 


419-5 (Tl) 
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Tahue II 

luiiission of 'ri-activaled phosphois using ultiaviolet light 


Phosphor 

von Meyeren bo^o' 
150T, 20'’0 — iSn'C 
l^eaks in in/j. 

Biinger and 
P'lec hsing 

(1931) 

J’l iugsheiin 
(1942) 

' Kxlcimions, 

Hutten and 
Pringsheini 
(1948) Peaks 

NaCl-'J'I 

zgo. 

aSS, 

2 .% 

288 



NaPr-Tl 

315, 

298, 

308. 

395. 

3 »S 

293 




KCl-'l'l 

3 ^. 1 , 

2yS, 

2(/) 

)?' 

300 

hi )n-56fi 
.Soo-/i 3 () 

403-390 

330 2S(. 

6ju, 540 

437 

383 

300 

KJU-.Tl 

3211, 

297 . 

33 (->, 

319, 

3OU 

311 

' 35 '' 

1 31S 

0^o-^:u 1 

43 ^’- 3 ‘lt> 

360-310 


Kl-Tl 

jor, 


V7 

! ’ ^ 



RbCl-Tl 

317. 

315, 

3^1 


- 

1 


When the present work is compared with those of the workers of Pohl's 
school, it is found that the shortest wavelength bands of our incasurenieul 
coincide with theirs : these iieai ultraviolet emission hiuids are attributed 
to the thallium present in the lattice as impurity, and hence arc characteristic 
of thallium. But the X-ray luminescence spectra show also a number ot 
bands extending far into the visible region, sonictunus covei ing the whole 
range. The origin of these longer wavelength bands must necessarily lie 
due to some otlicr causes not associated »vilh thallium, and llicrc arc only 
two possibilities : they may well be due to the prcseuce of other impurities, 
or due to the emission of the parent lattice itself. 

In Paper I, we have shown that the X-i^y luminescence spectra of pure 
alkali halides show lattice emission, and if we compare the spectra of pine 
phosphors wuth these thallium-activated ones, ’we can verify that the longer 
wavclenglh band patterns and peaks are very closely similar in shape and 
position 111 the two cases, WT* thus arrive at the very important conclusion 
that the longer wavelength bands owe their origin to the radiative transitions 
taking place in the original lattice, and are not due to any impurities. These 
phosphors strikingly demonstrate the characteristic emission and the lattice 
emission side by side 

Pringsheim (1942) and Ilutten and Pringsheiin (1948; have observed 
such a phenomenon ; in fact, they were fust to deinoustrale clearly that the 
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phosphors under consideration show a visible luminescence. However, we 
are now in a position to account for both ultraviolet and visible Unninescencc 
of l^ese phosphors. 

P'roin Plate XI, it can be verified that to a fiist approximation, the bauds 
of the parent lattice are not much affected in position (cf. Paper I), except 
that occasional ovei lapping, omissions, and eiihauceiiients of the weaker bauds 
occur no ^ few cases. 

The characteristic thallium band changes to longer wavelength side with 
increasing lattice constant of the ])aieut matrix. 

The intensity of the tliallium band deiieiids on the crystal . it is more 
for crystals of gi eater lattice constant, lesultiug in lesser exposiiic in 
recording the spectra. This fact indicates that the emission of the phosphor 
is also dependent on the case with which the thallium ions (having large 
ionic radii) enter the lattice 

Generally, the characteristic thallium emission is moie intense than the 
lattice emission. This is especially tiuc for low thallium content, and is tlie 
most important reason why earlier woikcrs did not get visible lumiuesceuce 
by using molar thallium concentrations of the order of oi to .05%. On 
short exposures, only the thallium band is obtained, in a few cases (r.j?., 
KI-Tl, See Plate XI, Figs, e and /), while on long exposures, the lattice bands 
appear at their appropriate positions, but the thallium hand is much widened 

at the same time. 


Though the lattice emission bands do not change m position, they 
distinctly gain in intensity due to the piescnce of thallinni. This may be 
exemplified by citing the case of KCl-Tl A measurably good luminescence 
spectrum of puie KCl could not be obtained even on an exposure of 20 
hours but KCl-Tl (3.5%) showed the lattice emission bands in 4 tours very 
distinctly. The lattice bands of pure KBi (cf Paper I) terminate at 455 nifi, 
but the- bauds are just measurable from that region in ease of kBi-Tl , the 
weaker lattice bauds arc enhanced due to tlic presence of thallium. Another 
additional proof, though indirect but significant, may be given from 
Pniigsheim’s data- It is well knorvn that pure alkali halides never fluoresce 
under ultraviolet excitation, but Pi ingsheim has prepared thallium-activated 
pho.sphors which show visible lummesceuce quite well under ultraviolet arc. 
Hence thallium behaves truly as an ‘activator' of the lattice emission 


It appears that thallium cunts a single band- Though older workers 
have reported two bauds in a few cases, it can be easily veiified that one o 
these bands, particularly the longer ones (at 470 .n, for KCl-T . Bunger and 
Flechsig,andat 305 i>t^for NaDr-Tl, von Meycren) is due to the parent 
lattice (Bose and Sharina, 1950)- 

The spectra at low temperatures did uot show any spedal features Ihe 
lattice bands were not much affected in position and .utcnsity, but 
thallium bands were sharpened. No,systematic shifts were 
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I N 'r IS N S l T Y VARIATION OF T H F C H A R A C T F R 1 S 1 ‘ I C 
HAND WITH CONCENTRATION 

Hutten and Pringsheira state that at low thallium concentrations, KCl-Tl 
flouresce violet, while with increasing concentrations, the overall fluorescence 
efficiency increases and extends far into regions of longer wavelengths. To 
study the intensity variation of the thallium baud, Kl-Tl phosphors were 
prepared from melt with o.i% and 5.0% TlCl (0.07 and 3.35 liiol percent Tl). 
A linear law was tacitly assumed, and proportional exposorcs were given, 
The 0.1% phosphor was exposed for 200 minutes, and the 5% sample for 
4.5 minutes. Densitornetric measurements were made with th^ microphoto- 
ineter, as shown in Fig. 3- 1 



Fig. 3 

“ Intensity curves of KI-Tl phasphors (reduced to half size,. 

(1) 5% phosphor, 4 5 minute j ; (2) 0.1% phosphor 20j minutes. 
The values of h and ho are in cms. (see text)." 


The concentration n and the photographic density of blackening d nie 

related to the intensity of emission I by the relation 


(i) 
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where t is the time of exposure. K h be the microphotometer height, then 

h=hoe-^, 

defined by h = ho (base lines of Fig. 3) when d=o, and h=o (top dotted lines) 
for d = co, Kquating (i) and (2), we get 


(nO//'o = /i/^o. ... (3) 

If tbOi-e be two conccntiaiions n, and n. exposed for I, and t., under identical 
conditions, then (/'o)j = (^'0)2. and 


njA, 

^2^2 


/(a 


(4) 


Patting numerical values, the left hand side gives i 135 and the right hand 
side from Pig. 3 gives 1.102. Thus the agreement is within 2%. 
Considering the various uncertainties, the most important one being the 
difficulty of obtaining a desired steady X-ray current from a TIaddiug tube 
at a predetermined voltage in both cases, the agreement is much better 
than expected. We can conclude that the intensity of characteristic thallium 
emission is linearly related to its concentration in the parent lattice. 


CARRIERS D F h UTNI T N H S C K N C F 

Some controversy has recently arisen as to the carriers ol luminescence 
in thallium-activated alkali halides. vSeitz (1938] is of opinion that TP ions 
enter the lattice in place of vacant positive ion sites, and the levels of ionized 
thallium are .so modilied in the lattice field as to give the 'P,,j^hS‘o emission 
transitions in the near ultraviolet. But Priiigsheuii (1Q12), from the 
similarity of the absorption spectra m solution and in the solid state, and 
Hutten and Piiiigsheim (1948), from the X-ray diffraction photographs, are in 
favour of complex formation of the type (T.lXn) (c/. Kroger, 1948, p 53), 
Whatever be the correct explanation, Pringsheim has rightly pointed out 



Fig. 4 

A new energy level .scheme for thallium activated alkali halides. 

V=.valence band (normally filled, combined p leveis of halogens, 
as modified in a lattice field) ; C = conduction band, normally 

empty ; Li, It, ionic exciton levels . G = grouud state of thallium 

(ion or complex) ; 1 = excited --tate of thallium. 

3— 17.^8P — 8 
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that Seitz's energy level scheme cannot explain the visible luminescence 
of the phosphors. Bose and Sharma have also discussed this point. Any 
energy level scheme which explains the visible part of lumiiiesceiicc must 
take into consideration the transfer of energy from thallium levels to the 
valence levels of the ions building up the lattice. 

Such a scheme has been presented in Fig. 4. The ionic excitoii levels 
/vi, La, lie between the valence and the conduction bands, and are 
responsible for lattice emission. The impurity levels arc so situated in a 
perturbed crystal that a transition from one of them directly to its ground 
state gives rise to the characteristic emission of thallium, and to the ionic 
states go to enhance the lattice emission bands, e.g., in case of KCl-Tl. 
Excejit in case of NaBr-Tl, the impurity levels do not he at the s^me height 
as those of lattice levels, hence the characteristic emission is on! the shorter 
wavelength side, while in case of NaBr-Tl, they distinctly ovenap. The 
transfer transitions from thailiuni exciton (?) lavcls (be it due t)p coniiilex 
formation, or to substitution at vacant anion sites) are distinctly Responsible 
for exhibiting very wide, extended, and unresolved emission regiohs in case 
of NaBr-Tl and KBr-Tl. 
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THE RELATIVISTIC THEORY OF SCATTERING IN 
COULOMB FIELD BY ATOMS 

By K. C, KAR, S SENGUPTA and P P. CHATTERJI 

{Received jor publication, Apnl j, u)^u) 

ABSTRACT Relativistic theory of nucleai scattering of electrons lias been consideted 
from the wavestatistical point of view It has been shown that to a first order relativistic 
approximation the ordinary hydrodynauncal wave equation is slighth' modified (“in 
deriving the vvellknovvn x-equatious with the help of the modified cijuatiun we gel a new 
term in the interaction energy which logether with the other wellkiiown intcraciion terms 
gives the correct scattering formula 

INTRODUCTION 

Relativistic theory of electron scattering has first been given by Mott 
(1929), using Dirac’s lincai equation for the electron. In addition to the 

wellkiiown cosec^ - term he has obtained two correction terms, the second 

of which is proportional to Ivatcr on Sexl (1933) has considered the 

problem afrf=‘sh starting with the quadratic form of Diiac s equation ('a/de 
Dirac, 1947) and has obtained a formula for the scatteniig intensity difTcring 
from Mott’s formula only in the last correction term The controversy over 
the second correction term has been finally, settled by Urban (19^2), who, on 
checking up the calculations of l\Iott, finds that Mott s method, after pioper 
appioximatioii, also gives exactly the same formula as that obtained by vSexl 
[ioc- cii.). It may also be mentioned that Saiiter (1033) and recently Sengupla 
and Chatterji (1050) have obtained the above Mott-Sexl formula without the 
second correction term by application of Born’s method of ainn-oximation 

the linear equation of Diiac. 

Recently Kar (1945, 1947) has considered the problem of high velocity 
scattering from the wave-statistical point of view and has derived Motts 
formula using some new ideas legarcliiig spin-spm iuleraction, In the 
present paper we shall show that the introduction of these ideas is not at a 
necessary and the correct Mott-Sexl formula can be deduced wavc-statistically 
in a perfectly straightforward manner 

It is wcllknown lliat in wavcstatistics we take for the phase waves the 
general hydrodynamical wave equation in the foim 

dr- 
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and from it we obtain the wellknown differential equations for the Xi- and 
X2- waves. We shall presently show that equation (i) is only a first approxi- 
mation of the actual equation satisfied by the density function in a compres- 
sible medium. If we carry the approximation a stage further j we get an 
equation slightly different from (i). On deriving Xi- and Xa- equations 
from it we get a new term in the interaction oncigy which together with the 
other wellknown interaction energies gives the correct scattering formulae. 

WAVE E Q U A 'J' ION 

The w'ellknowu Dernoulli’s equation and the eipiation of continuity for 
a fluid in motion can be written in the lorm 

+ = const. j (2.1) 

Q/ Po ' 

+div (/ore) = 0 \ (2.2) 

. \. 

where ^ is the velocity potential and le the velocity of the fluid. 

From (2.2) we get 

+ P div w + grad p) = o 


or, 




Substituting for <J> and p from (2) we get 


SV 

s p ' 

— /}A - + (let glad pj — div (lit div p7{') = u 

Po 2 


or, 

v^Ap + [w grad p) — —Au'^ — div ('ll; div pit)) = 0 
o( ^ 2 

... (.31 

because, 

^^^2 P-PQ 

Po ^PPo Po 

... (3.1) 

Neglecting the last two terms in (3) we get 


• 

-v'^Ap + (w grad) {p-Po)=^o 

- (4) 


Jt is evident from the above derivation that the change of p in the last term 
of (4) is due to motion of the fluid. It is therefore negligible, except for very 
large velocity, i.e , when iv is comparable with c, the velocity of light. Hence 
for this p W'e can write (in the relativistic region) 
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or approximately, 


P\^~^]=^Po «.e., 


Siibstituliug this value of iu the last term of (.1) we get 

T-Ap + i/5 (ti- glad /.) = o . , (.^) 

It is evident that for small velocities, the last term can be neglected ajid then 
(5) becomes identical uuth the equation (i) 

If we now lake the general liydrodynaiiiical wave equation in the form 
(5), the equation for the phase waves becomes 

iiL'gmd I))=-o f6) 

Eliiiiinaliiig time we get for the > -waves 

X- ^ ('ll' grad X) = o .. (7) 

7' 211“ 

Now for Xi-waves 'u'=ri-io and the relativistic frequency vj is given by 
[Kar and vSeugiqda (jQ^q)] 


' h E-K , ' 
where li is the total energy, E,-q the well known spin-orbit intei action 
energy being given by Thomas (1927) 


K,-„- % , (LS) 

2ino''c^r 


.. (7.2) 


and V is the electrostatic potential energy. vSubstiluting 111 (7) and remcm- 
1 V r 

bering that w= — - - grad k’= - , we get, 

mo '»o ' 

+ ^ f=o ... (8) 

For X 2-waves, we have, 


where is the velocity of the jirojected in the (j-space being given 

by [Kar and Sengiipta (/ r.) |, 


\{E- E i-o + E(^ — 


... (9.1) 


Remembering that V2 = ?-, wc gel for the ^o-waves the same equation as (8). 
h 
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Thus equation (S) may be written in the general fonn 


8;r^mo 


K-V-E,.o + 


F/z2 


d ^ { E-V)^ 
9r 2E0 



(10) 


On comparing (m) with the eriuation deduced in the earlier paper [Kar and 
Sengupta (1949)! we notice that in addition to the well known relativistic and 
spin-orbit corrections Lo energy, we have here a new correction term whose 
value is given by 


F,= 


Zc^ ^ 
ibTT^-* m 0 '01 


(lo.i) 


It may here be noted that this particular interaction term has also been 
obtained by Condon and vShortley (1935) by forming, to a first approximation, 
the relativistic quadratic wave equation from Dirac’s linear c^fiuation for the 
electron. They have showed the importance of the term in\ spectroscopy. 
'We shall presently show that this term has also great importance in scattering 
and that its contribution to the scattering formula corresponds to Mott-vSexTs 
first correction. \ 


CALCUI.ATION OF THK S C A T T K K I N O INTENSITY 


By separating the interaction energies involving V and we can write 
(lu) in the form 




(ll) 


Remembering that in the above does not contain 1 -,o, we get from (11), the 
re.st energy of the electron, 




= 0 + gnjuTV + 



(ii’i) 


where /’= , the relativistic momentum of the electron. 

We now consider the .scattering of a beam of fast electrons incident on a 
nucleus by usual Born's approximation method ( )utside the potential field 
the wave function for the incident beam is 

Xo = c 2 ’^f/’ (norl//j. ... (12) 

where Dq is the unit vectoi along the direction of incidence. ^0 iu 
averaged for unit volume. Hence it represents an intensity of r electrons 
crossing unit aiea per unit time. Near the nucleus, the wave etpiation is 
given by (it.i). This ei|iiatioii can be written in the form 
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where |2w K-2»/o I', - 

Now \vc try to find a solution of {13') of the form 

^ 4 A J J 

wlieie ^0 represents the incident wave and A^Xi the scattered wave. 
From (13) and (13.2) wc get at once the well known solution 




47 rJ 


/• I r *r' 1 


F( 


which has the asymptotic form (for huge r) 


(13 i) 


(13.2) 


(14) 


_ j ^ 2 ->rlpllh r 

47T 1 y 




(14. T ' 


where n is the unit vector along the direction of scalleriiig In the following 
we shall replace ^ in the integral by the incident wave function, as is 
usual m the Born's first approximation. 

Now the integral in (14 1) consists of four different integrals corres- 
ponding to the four different interaction terms in F The fir.st of the integrals 

7^2 

is, remembering that V - - — , 

? 


’TT/ />(n(|-ii, rj /// I 


^15) 


Now taking polar angle ^1=0 along the direction of the vector n„ -n the 
integration (15) can be easily performed If we lake into account the correc- 
tion for critical approach (Kai, 1945), then evidently the hnver limit of the 
r*integration should be taken 1q instead of zero, where /q is the distance of 
critical approach. Then we get 


STT^m/c^ 

(i* Vf'- 1 iiu-n j 


COS klQ 


2^/c'* 

sin^ 


, ( I “/3^j-cos k/Q 




sin 

^ being the angle of scattering and fc = — -- 

been derived wave-statistically by Kar (1Q45) 


0 

2 


The value of iq 2s has 


io = i.35.-^'’^o (i“i^^)(coscc— -i) ■■■ (iS-2) 

Wo'i’’' - 

It is evident- from above that fero is genei ally small for high velocity of inci- 
dence and COS fero is only slightly different from one. 
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The second integration can be written in the form [vide (lo.i) and (13. i)], 

I2— ~ o [ e c'^vipih. (Oq'^) dr sin ^1 ... (16) 

2mQC^J 9 r 

If we remember that ( 9 i is taken zero along Hq — n, then it can be easily 
shown that 

$ 6 

(nQr) = r(sin - cos 4 cos— sin cos . . (16. i) 

2 2 

Substituting this in (16) and performing the differentiation, we get 
/g— — |sin-*^ f 01 drcos(9, sin^id^id^i 

M () C I 3 i/ 

or 1 1 

+ COS j di ?>m‘^B^dO\ coii<pid(f>iW .. (16.2) 

The second term evidently vanishes through (/>i -integration. The first inte- 
gration can be easily peifoimcd and we get, \ 


T = I T 

* 2 ' i> I ^ ^ 

viqC“ \ 6 


(16.3) 


The third integration can be performed in the same way as the first one 
and we get, 




... (17) 


hc'^fUijtV Sin - 


In the fourth integral there is a factor (LS) — I- If 
we write out the vvell known ojjerators for Lj,, L„ etc., then with the help of 
(i6'i) the integration can be easily iierformcd and it may be seen that, 


Thus we get from (14.1), neglecting terms of the order of 

+ cosec^' [ ... (ly) 

he- 2 j 

If the relative scatteicd intensity be given by then to a first approxi- 

mation 


(1 ~/:{^)-,coSPc‘* — cos‘‘*kro -^-scos kro cosec® 

I 2 2 

^2TCOsfrr„(.r-2fe,„)^«>_ cosec^M... (ly.l) 
hc^ , 2 ) 
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Neglecting the correction for the critical approach, we get 

which is identical witli the formula obtained by Mott-Sexl. 

In conclusion, it may be mentioned that in deriving the above foi inula of 
scattering we have found (Eqn. i 8 ) that the spin-orbit inteiaction term in 
F has no contribution to the scattering intensity Since the other two inter- 
action terms in F have a relativistic origin, it may be easily seen that both 
the corrections in Mott-Sexl formula (20) are really relativistic. 
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SCINTILLATION TYPE ALPHA COUNTER AND 
ITS APPLICATION IN U AND TH 
ESTIMATION OF MINERALS 

By SANTIMAY LHATTFiRJEK and rfOBHANA UHAR 
{Received fat publiiation, July S, igso) 

ABSTRACT. A scintillation type alpha counter using commercial gjji-A photomulti- 
plier tubes is described. The screen of Cossor oscillograph-type J, I has been used 
as the phosphor. The luminescence spectrum of the phosphor and the microphotometer 
analysis are given The application of such arrangement for uranimn and thorium 
estimation has been described The apparatus has been used foi low counting rate and 
has been standardised with nii clectrolytically deposited standard uranium\ oxide source 
to give 100% efiicicncy of counting and 50% maximum geometry The background counting 
rate of the .system is 1 4 counts per hour due to radio-active contamination in the phosphor 
and highly ionising cosmic radiations. Integral bias curves for polonium and standard 
uranium source have been given. Associated electronic circuits have been discussed 
The ainplifiei has an input time constant of 5 micro-seconds The disci iniinator pulse width 
is 100 micro-seconds and can be decreased to one micro-second for high votes of counting 
to which the apparatus is adaptable The .same arrangemei|( can be u.^ed to detect 
uranium 6ssiou bv neutrons, 


I N T R O D U C T I (J N 

The detection of alpha-particles from very weak sources is of great 
importance in the study of radio-activity of rocks, minerals, dust and other 
substances and to detect traces of uraaiuni or thorium present in such 
substances. Since uranium and thorium in equilibrium with their decay 
products emit 9.87x10^ and 202x10* alphas respectively per gramme per 
second, it is possible to detect microgrammes of uranium and thonnin or less, 
contained in minerals. The sensitivity is limited by the background rate of 
counting of the apparatus. It is desirable to construct an apparatus 
which will be reliable and can be run for-long periods of lime. It is also 
desirable that the background rate of counting should be as low as possible 
and the apparatus should not be affected by the surrounding conditions. A 
counting arrangement, using a FP54 electrometer tube in conjunction with an 
ionisation chamber, first used by Kvans (1935) and later used in this 
laboratory by Nag, Das and Das Gnpta (1944), did not fully satisfy the 
requirements. For single alpha counting it had two main disadvantages, 
viz., (i) tlie background was rather high, and (2) the arrangement could 
not be run for long periods of time. Recent work on the use of scintillation 
counter in detecting radio-active disintegrations has brought to notice the 
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possibility of using such counters for detection of ^J'-particlcs, with a fairly 
low background. During the last few years, many papers have been published 
on the scintillation a-counters by several authors— Allen, Sherr, Broser, 
and Kallmann, Boaler and Weidlilg, etc. and specifically about low rate 
«-countcr by Cassen, Reed, Curtis and Baurniash 1 19-19). 

In the present work, Me have used a coinincrcial photomultiplier tube 
with a three-stage degenerative feed-back amplifier and have been able to 
reduce the background, due to all extraneous effects, aside fiom contamina- 
tions and highly ionising radiations, effectively to zero, at the sime tune 
maintaining the efficiency of alpha counting at 100% aflei coirection for 
geometry The electronic devices have been made reliable, iion-inicrophonic 
and free from stray pick-ups- The arrangement is not sensitive to /5- or 
'/-radiations and records alphas incident with rales ranging from ioo(' counts 
per second to a few counts per hour. The background, as measured over 
20 hours, is 1.4 counts per hour. 

D F, ' 1 ‘ AILS 0 V K X 1* K R I M E N T A Iv A R R A N c; E l\r K N T vS 

The schematic diagram of the experiment is shown in Fig. i. The 
arrangemeu^ of the photo-multiplier tube, the phosphoi and the sample 


STABtUS^D STABILISED 

H. \/. POWER SUPPLY 



photo-multihier amplifier discriminator model igz mechanical 

SCALER register 
N.LCC 

Fig 1 

Rlock Diagram 

holder arc shown in Fig. 3. The phosphor deposited on a thin glass plate was 
fixed just before the plioto-cathude of the photo-multiplier by a thin 
adhesive film of ‘durofix’ The standard sample was deposited on a thin 
platinum foil, having an area of 2.06 cm. x 0 6 cm. and was mounted on a 
sample-holder which was fixed in such a manner that the whole of the .source 
remained just in front of the phosphor without actually touching it Tlie 
photo-multiplier lube and tlie samplc-lioldei were enclosed 111 a hghl-tight 
box painted black inside, so that no light could get inside. Mineral .samples 
were ground in an agate mortar and were .sieved through a 2oo*iiicsh sieve. 
Foi dust samples, weighed amounts were pasted on pieces of Scotch tape w'hich 
Were fixed on the sample-holders. Care was taken that the area of the source 
thus prepared is in no case giealer than the aiea of the phosphoi. The sample- 
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holders were fixed iji such a way that the geouielry of the source and 
the phosphor did not change while the samjile-holder was replaced. The 
light-tight box was of convenient size, so that the whole place could be 
decontaminated without any difficulty. 




h’lG. 3 

X-ray Ivuiniaesceiice Spectrum of Phosphor J 

Of the many organic and inorganic phosphors tested, the photo-cui rent 
pulse due to a-particles was found to be inaxiimnn for the sulphide phosphors, 
specially for Ag-aclivated zinc sulphide, which had also been noted by 
Kallmann (1949)- It was found by us that the fluorescent screen of 
the Cossor oscilloscope (Type J), which, has a blue emission, gave, 
with K. C. A, 931-A photo- nuiltipliei tube, even larger photo currenUs for 
a particles Throughout the present work a thin rectangular glass piece 
3.2 cm. 1.6 cm of the same area as the photo-cathode had been used on 
which the Type J phosphor was deposited (mentioned hereafter as phosphor J) 
The luminescence spectrum of the phosphor J under X-ray excitation and 
standardised by copper arc, is showm in Fig. 3, and the microphotometoi 
record is shown in Fig. 4 It wdll be found that the maximum light emission 
is at 4400A and ranges from 3950A to 5050A which suits very well the 931-A 
tube which has a maximum efficiency at 4200A. The luminescence spectnnn 
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suggests that the phosphor is made of zinc sulphide activated with silver. 
The light-yield being adequate, no reflector hat^ been used. 



Fig /\ 



The circuit diagram ib given in Fig. 5 The negative high voltage 
from a stabilised higli voltage source was fed to a voltage clivnling network 
to supply the dynode voltages of the pholo-niultiplier tube The current 
drainage from the high voltage source was kept variable from i milliainp. to 
2 millianips,, and the voltage per dynode stage could be vaiied fioni 50 to 100 
volts. It was found necessary to connect two 0.05 nikiofarad capacitors 
to the Iasi two dynode stages to bypass all pick-up disturbances and to 
reduce effectively the current surge-^ through the re.^^istors to a minimum, 
giving more stable operation and higher pulse heights at the anode. Ihe 
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aiioclc of the pliolomiiltiplier tube is followed by an usual three stage 
degenerative feedback amplifier shown in the circuit diagram which has au 
amplification of luoo over a bandwidth of lo Mc/s. Two 6 AC^ tubes were 
used in the amplifier stages to ensure the wide bandwidth. The amplification 
can be shown to be equal to RxfRz and thus could be varied by varying the 
ratio of the resistances to any desiied value. The input of 6 AC' was taken 
through a shielded cable to avoid pick-ups at this stage. The discriminator 
is a cathode coupled multi-vibrator triggered by the positive pulses from the 
output of the ainplilier- The power supply of the amplifier and the 
discriminator were highly stabilised so that the multi-vibrator remained stable 
throughout the operation The potentiometer in the grid arm of the first 
tube of the nnilti-Mhrator sets the limit lo the height of the incoming pulses 
that will triggci the multivibiator and thus pulses of smallm- heights will 
not be recorded. The discriminator is then followed by a standaid 
laboratory scaler, and a incchauical register. The scaling dircuit used by 
us was triggered by negative pulses and had to be fed fioin the \platc of the 
first tube of the multi-vibrator discriminator which is noi\mally non- 
conducting and is triggered only by pulses of pre-deternnned heights coming 
through the amplifier. Pulses of smaller heights coming at the grid which 
do not trigger the multi-vibrator may affect it in another way. These inilses 
may make the first tube slightly coiiducliug without actually triggering it. 
This leads to a slight decrease in the plate voltage of the first tube 
and, as a matter of fact, will produce small ]mlses at ^the plate ;of the first 
lube. Unless care is taken, the uiuvanted pulses will get into the scaling 
circuit which is sensitive upto o.:>5 volts This was avoided by connecting 
the discnininator to the scaling ciiciiit with a 220K resistor in series with 
the 100 i).f. capacitor which suppresses all such small pulses and allowed 
only triggered pulses to pas.s through. The same effect can be obtained by 
taking the positive output from the plate of the .second tube which is operated 
only when the multivibrator is triggered. This has to be inverted by means 
of another tube before feeding it to the scaling circuit. In dealing with 
multi-vibrator type discriminators, w'C have always found it necessary to 
check all pulse-shapes visually by using an oscilloscope. The tiiggcring 
action of the inuitivibralors is veiy interesting and is being investigated by 
Mr. S. Sen, in this laboratory. 

The necessity of introduction of the discriminator will be understood by 
the explanation of the counting niechaiiisni. A higli energy particle, when 
incident on the ]diosphor, pioduces a spark of light whose iiileiisily is piopoi- 
tional to the energy of the incident particle. The spark of light tlins 
produced liberates electrons from the photo-cathode and the electrons after 
being amplified a hundred thousand limes at the nine secondary emitting 
surfaces, arc collected by the collector plale. At the input of the amplifier, 
these amplified electron bursts produce voltage jiulscs of a few millivolts 
magnitude. For particles of same energy the voltage pulses coming out of 
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the photo-multiplier lubes may be expected to have same si/cs, but in praclice 
it was not so. The reason is that the high energy pailicles can stiike any pari 
of Ihe phosphor and Ihe paths ti a veiled by particles may be diHerent. The 
sparks of light thus produced may have slightly difTeienl inlensilies. As a 
result the electrons collected at the anode will have somewhat differeiil 
energies from one another, and as such will have a distribution over pulse 
heights. These pulses of dilTercnt heights after aniplificatioi] come to the 
iinput of the discnniniator. The scaler and the mechanical register will 
recoid pulses greatei than a certain voltage, detennuud by the grid bias of 
the discriminator multivilaator (rfy-l'id. Foi dilTerenl settiiigR of the grid 
bias an integral ciiivc of counting rate versus distnminator bias will be 
obtained. The discriminator bias can be converted into the corresponding 
minimum pulsc-heighl from the relation T=(rf'“ where a is the 

required pulse height, I’r is the cathode bias, Ibj is the voltage ui the grid 
arm and k is the difference between the cathode bias and the voltage 

in the giid arm of the multi- vibrator at the point when the in ulti-vibraloi 
lUSt starts to oscillate. Tct lepresent the integral bias curve, then 

the pulse-height distribution curve will be given by N'= --J<p{x)ldx Inte- 
gial bias curves and the coire.spouding pulbe-height distribution curves 
arc shown in Figs/ (6), ( 7 ), (p) and (i^)- 



Tl. chassis™™, U.C. « 

and thick blocks of rubber to designed to 

to eliminate all m.crophomcs J' ,( ,,,3 be mentioned that for re- 
handle both high and ,„,„„,essatilyhave a wide band- 

cording high counting rates, the amplifier must necessarily 
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I^iG 7 



Fig. 8 


width, while for recording low counting rates, it is desirable, though not 
necessary, that the amplifier should have a narrow bandwidth. The amplifier 
used had an input time constant of 5 micro-seconds, and a bandwidth of 
lo Mc/s. In recording low counting rates with a wide band amplifier, the 
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Fig. 9 



Fig. 10 


elimination of stray pulses becomes important and has been successfully cleall 
with by proper shielding of the different parts of the apparatus. The com- 
mercial scaler used bad a scale of 128 and a resolving time of 0.25 micio- 
second so that it could record more than 10,000 counts per second without 
appreciable counting loss. The mechanical registci which can record 10 
counts per second without being choked, sets the limit of the counting rate per 
second of the whole arrangement. The discriniinator circuit has been kept a’fe' 
a resolving time less than io“* second, and can be reduced to i micro-second, 
if desired. 

BBSUI/TS 

It has been found that all 931-A tubes are not equally sensitive, and the 
tube amplification varies over a wide range. Six 931-A tubes were selected 
for the experiment after inspection of their characteristics. I’he integral bias 
5-173SP— 8 
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curve for the dark pulses as also the pulse height distributiou for different 
voltages are shown ' in Fig. 6 and Fig. 7. In the present case, the whole 
arrangement had to be made in.sensitive to / 3 -and y-radiations. For achieving 
this end, the amplification of the photo-multiplier tube was reduced to a miui- 
mum by reducing the voltage per stage of the dynocles to as low as 66 volts. 
This at the same time reduces the dark pulses by a considerable amount. 
Phosphor J is very insensitive towards / 3 - or y-radiations at this voltage. This 
was tested by using a 0.5 millicurie RaE / 3 -source and also by using a 10 milli- 
curic Radon tube y-source. But the arrangement remains very sensitive to the 
«-particles incident on the phosphor J. Foi identical conditions, phosphor J 
was replaced by anthracene of same aiea as phosphor J but it did not record 
any alpha without the use of a reflector, l^ven when a reflector was used, it 
was not as efficient as type J. The same trial with thallium activated potas- 
sium iodide showed that it was much inferior to phosphor J. It has been 
mentioned earlier that “-particles produce much greater ionisation in the 
pho.sphor and the voltage pulses due to them are accoidiiigly quite nigh. The 
integral bias curve for the a-particles from a ]3oloniuiii source, having a com- 
paratively high specific activity and placed at a distance of 3.0 cm. from the 
phosphor is shown in Fig 8. 

This airaugemcnt has, in fact, a bad geometry, for “-particles may strike 
the phosphor at any angle with any energy, as a result of which a probability 
distribution for the pulse heights has been obtained. A polonium source of 
comparatively less specific activity was placed ju.st in frqpt of the phosphor J 
SO that all ^-particles coining out within that 50% geometry struck the phos- 
phor. In tins case, pulses recorded will have a continuous height distri- 
bution, starting from a minimum. This minimum pulse height will depend 
on the range, i,c., the energy of the incident alpha, upon the thickness of the 
source and also on the geometry of the arrangement. The integral bias curve 
and tbe pulse height distribution are show’n in Fig. 9. The minimum pulse 
height has been found to be less than the expected value due to thickness of 
llie source used. The method of preparation of the polonium source was 
described by A. K. Saha (1946). The same experiment was repeated with a 
very weak uranium oxide standard source. 

The .sample for the purpose of standardisation of the apparatus was 
prepared by electrochemical deposition of the iiranyl ions on a platinum foil 
and then converting it to the stable oxide UsOb- The method has been 
described by Biswas and Patro (1949). The current density for the best 
deposition was found to be near about 0.164 amps, per sq. cm. The uraniniii 
oxide thus deposited on the platinum foil (0.6 cm x 2.06 cm.) had a total 
weight 0.12 mgm. The standard source was mounted in a manner shown in 
Fig. 2. The integral bias curve is shown in Fig, 6 for puls0 heights up 
to 100 millivolts. It will be seen that for pulse heights up to 38 
millivolts the total counting rate is constant, The experiment is repcate(j 
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with the discriminator set to admit pulses greater than 36 volts and the 
counting rate is taken for a long run. The average for over ro hours gives 
a counting rate of 36 counts per minute. The background counting 
rale for an average over 20 hours is 1.4 counts per hour- The largest 
dark pulse that could be detected with 66 volts per dyuode stage had 
been 18 luillivoltB. With the phosphor removed and with the .same setting of 
the discriminator bias, no dark pulse could be delected for a constant run of 
ten hours. The background recorded with the phosphor niouuled had been 
due to the contaminations prCvScnl in the box and in the phosphor itself. 
It can be calculated that 0.12 mgm of uranium oxide gives 73.2 alphas 
per minute for 100% geometry. The accuracy of weighing is ±0.00001 
gin. correopouding to ±3-2 counts per minute. Thus within the accuracy 
of weighing of the standard sonrcc the efficiency of a-coiinting is 100% 
with 50% geometry. 

A number of natural minerals and dust samples were tested for alpha 
activity; the most interesting of them being adust sample from a contami- 
nated room, 4.88 nigrn. of which emitted 4 6 alphas per hour averaged over a 
counting period of 8 hours. 


(T K A N 1 IT ]\l AND ' 1 ' II D K 1 U M Cl) N ' 1 ' IC N T 
D K ']' K R M I N A T 1 O N 

The theory of the emission of alpha pailicle.s fioin a solid of finite 
thickness has been worked out by Fmuey and Iwans (1935 b 1 he same 
authors have also woiked out the methods foi the deteriiiinatioii of the thoiiuni 
and the uranium contents of minerals. We have used the same method 
with recalculated values of constants for the present arrangement. The 
number of particles emitted by a thick source per sq. cm. per second 
through an absorber of thickness a has been given as 

Ha = (N^U) (R-n-ay-HR-p) 

where, N = the number of tx-paiticles emitted pei cm.‘ of the source 

with a mean range of R air cm. 
jw = absorption coefficient of the source. 

p = miiiimum residual range above the absorber which can be 
lecordcd by the instrument. 

N can be expressed as 

N = 6 0234 >'' If*'’” ^ 

where Q = the fractional concentration of the ladio-active material 

per gin . , 

A = decay constant, 
d * density of the material, 

W — atomic weight. 
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In a natural source, uranium, actinium and thorium are present in 
various concentrations in equilibrium with their decay products. Hence 
the number of alpha particles produced per cm.^ per second is essentially 
the same for each member of the radio-active series, and are given by 
Nv = 12343 ^ 

Nth - 0.3373 X 10* 'fh. d. 

Nao = 0.0493 X 10"^ U. d., 


where U and Th are the uranium and thorium concentrations in gm. per gm. 
of the source respectively. Thus the counting rate for a thick mineral source 
containing only uranium will be 


/i-2343 X lo^ U/xd 
\ 4 


)2 


{R -p-aV 

(R-p) 


where the summation extends for all values of the ranges R, Which are 
members of the uranium series. The presence of the actinium^ and the 
thorium series is to be taken into account as well. The counting rate for 
an absorber of equivalent thickness a air cm. can be written as 


Let 

then, 


ria = VaU + Wa Th ... (3) 

H = :S,{R-p--ari(R-p) 

= (3.0S6 0.123 HacI/uJ. 10“ ... (4) 

Wa — (0.843 pd.lO^ .. (5) 


Branching is taken into account m the expression 

H = ^Aj{R^p-ayi{R-p) 

where Ay is a numerical paiaineter equal to the ratio of the alpha particles 
emitted from any nucleus to the number emitted by its parent. 

For p = 0.03 cm., 

H = + — 0.03) — (2a + o'o3jSAy. 

= Pj + ti^Qj-{2a+o‘o$)j (6) 

The values of R, Ay, j, Pj, Qj for the three series are given in Table 1. 
The values of a-ianges have been taken from Gamow’s book. The values 
of Ay, y have been taken from Finney and Evans aiid the values of 
Pj> Qj have been calculated for p = 0.03 cm In all these evaluations, 
summation is taken over those alphas which have R^{a + p). The value of P 
for the present arrangement has been found experimentally by using a 
polonium source which emits mono-energetic alpha particles of mean 
3.83 air cm. The absorber thickness required to cut off the alpha particles 
completely was 3.80 air cm, giving p = 0.03 air-cm. 
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Table I 


f>=0.03 CID. 


Uranium Series 

Mean range R 
in air-cm 

i 

/ 

P, 

Q. 

Radium C' | 

1 

6 87 

u 9998 

I 

6.87 

0.1461 

Radium A | 

4 64 

I 

a 

11.51 

0 3630 

Radium C (av. ■ 

4.06 

0.OU02 

a 

11 51 

0,3630 

Radon 

40^ 

1 

3 

25-55 

0.6124 

Radium F 

3-83 

! 

4 

19 38 

0.8755 

Radium 

3-59 

1 

.S 

22.67 

1 1832 

Uranium 11 

3-^4 

1 

6 

35 gi 

1-4937 

Ionium 

3 15 

I 

•7 

29 06 

T K142 

Uranium 1 

- 

:6g 

I 

8 

31 75 

2.1901 







Tlwrhm Senes 






Thoiium C' 

8 53 

0 65 

0.65 

S-S 4 

0 0765 

Thorium A 

5 6? 

1 

T65 

11 i 5 

0.2554 

Thoron 

4-‘)9 

I 

2.65 

16 15 

04570 

Thorium C 

4.71 

0.35 

3 

17 80 

0.5318 

Thorium X 

4,26 

1 

1 

4 

22.06 

0.76S2 

Radiothorium 

3-96 

1 

5 

26.02 

1.0327 

Thorium 

2.84 

I 

6 

2886 

1.378O 

Actinium Series 

Actinium C" 

6.53 

0 003 

0 

0 

0 

Actinium A 

6.44 

1 

I 

6,44 

0.1560 

Actinon (av.) 

568 

X 

a 

12.13 

0-3330 

Actinium C (av ) 

5-43 

0,997 

.3 

17-53 

0 . 518 J 

Radioaclinium 

4.66 

r 

1 

22.18 

0.7340 

Actinium X 

4-31 

I 

5 

36 49 

0 9676 

rrotoactinium 

3-63 

j 

6 

3u 12 

1-2454 

Ea 





Actinouraniuni 

3 24 

I 

7 

33 

1-5569 


The counting rates iiy and tij with two different absorber thicknesses for 
identical conditions of the source and the recording system, will be given by 


= i;iU -HwiTh 

nj = ValJ + WjTh 
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U \Wi//ni Vi/I\w\ nj 


( 7 ) 


71 : and ws can be found experimentally, vj lo^ fAd, wj' lo^ fxd, ra/ioV^^ 
Wa/io'Vd can be found with the help of Table I and cqus. (4), (5), and (6), 
and thus Th/U ratio can be determined. The experimental results of a few 
samples are given in Table II. 


Table II 


p=o 'j 2 ‘ cm 


.Sample 

1 



i 

‘‘■i ; 

i 

fl2 


1^2 

W2 

J 

Th/U 

Thori anile 

0.7 cm. 

i^ 5‘33 

68.33.15 

17 5636 

■l.rg 1 

1 6.124 

3.8885 

V 8038 

1.87 

Moiiazitc 

0 4 cm 

ij 22 

3 Q 65 


379 

0.102 

5 22U4 

213128 

4-54 

GST (hab 
1326 No 5) 

0.6 cm 

0 17 

1 7-2 650,' 

! 

18 . 1 J 7 ’ 

3-99 

0 oil 

A 3309 

1S0510 

0 55 




Table 111 


Sample j 

No of a's emitted 
per gm. per .sec. 

Thai Tlingmper 

' gill, of miiierril 

Th 

j in gin.^gin. 01 mineral 

Thonaiiite 

18 86X10^ 

1S7 13 42X10-* 

t 35 . 5 C)XI 0 ‘» 

Mouazite 

571 60 

K-.! 294X10-'’ 

13 34X10'® 

G. S. I. (Lab 

47 .14 

05s 4.15X10* 

2 29 X I0“* 

1226 No. 5) ! 




If the total counting rate is 

Na per gm per second 

for 47r solid angle 

then, 

6 

ir‘ 

!l 

26SS + P X 2.0238] X 10^ 



where x is the amount of uranium present in i gm. of the sample and p is 
the Th/U ratio. A few results are given in Table III. In finding the 
T'h/U ratio, the most suitable thickness has been found to be 4 to 5 air cm- 
The geometry of the source and the phosphor has to be checked critically. 
The accuracy of the experiment will mostly depend upon the accuracy of 
finding the distance between the source and the phosphor. The discriminator 
bias is set at such a position that all the alphas incident on the phosphor are 
recorded. An accuracy of 5% can easily be obtained. 


DKTKCTION OP PISvSiON 

With the same arrangement we have been able to detect fission. About 
6 mgra of uranium oxide was placed in front of the phosphor. The dis* 
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Scintillation Type Alpha Counter, etc. 

cfiimuator bias was set to admit pulses greater than S3. 5 volts so as to cut 
off all alpha particles coming from the uianiiiin source. The background 
had been one count per 4 hour's and that probably due to the piling up 
of the alpha particles. A 40 nnllieuric radium-beryllium neutron source was 
placed at a distance of 6 cm. from the uranium source. Paraffin blocks 
of 3 cm. total thickness were placed between the neutron source and the 
uranium source for slowing down the neutrons. An average of 2 fission 
counts per hour was obtained. 

DISCUSSION 

The elimination of dark pulses and the methods of obtaining a repro- 
ducible geometry have made it possible to use scintillation counters ns alpha- 
detectors. The problem of thin windows, which is so often faced with G.M. 
counters, does not arrse here. Early in 1947, Allen in his improved electron 
multiplier reported to have obtained 100% cflicieticy for a moderately high 
counting rate of alpha particles at nearly zero discriminator bias. Pie 
observed 1800 counts per minute from a callibraled polonium source which 
emitted 1600 alphas per minute and the result was within the accuracy of 
the callibration of the source. The background coiinung rate has not been 
mentioned Cassen iei al 1949) have described a low rate alpha counter 

with 93T-A and IP28 lubes. With 80 volts per dynode stage, the 
backgionnd counting rate obtained was 2 to 3 per hour and the efficiencies of 
alpha counting were 64.8% and 68.9% wnth 50% geometry. They have not 
given the integral bias curve m their paper With a suitable choice of 
phosphor we have increased the light yield so that the tube amplification 
could be reduced by reducing the voltage per dynode stage. 'J’his has 
completely reduced the dark pulses without affecting the alpha counting effici- 
ency of the system. From the integral bias curve, the region of operation, 
where all the alphas are detected, is obtained and observations are taken in 
this region to maintain the 100% efficiency. The nature of integral bias 
curve shown in Fig. 9 has also been observed by Kallmann (1940) and by 
Boaler and Weidling ^1949) They have not reported about the efficiency of 
their arrangement. The small size of the phosphor, which is the primary 
detecting medium, restricts the use of such arrangenieiils to narrow beam 
measurements. Such arrangements will be very useful for quick detennina- 
tion ol weak alpha activity and can be coinenicnliy used for analysis of 
uranium and thorium contents of luincrals. The llionuin content in the 
thorianite repoited here is much less than what has been found by other 
workers. This is probably due to the fact that only a small amount of the 
rock sample was available to us and proper sampling could not be made. 
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A STUDY OF THE SWITCHING ACTION IN A MULTI- 
VIBRATOR CIRCUIT. PART I 


Bv B M. BANKRJUE 
(Plates XIIA, B and C) 

ABSTRACT, An experimental arraiipemcnl for taking oscillograms of the rapid 
changes in the cleclrode voltages when cm rent tiunsfcrs from one tube to another in a 
plate-coupled multivibrator is described, Ostillograins with dilfeicnl values of the circuit 
parameters are shown The results of this investigation arc .sniuniari^ed 

I N TR () Dll C T1 () N 

The multivibrator circuit has come into extensive use in the electronics 
of television, radar and experimental nuclear phywsics. Its wide applica- 
tion no doubt promoted extensive studies on its mode of operation. As‘ a 
result much of it is now well-known. The author had the opportunity 
of exploiting this circuit in a variety of ways, chiefly in experimental 
nuclear physics (Daiierjee, 1945'). He has also made some new observations 
on this circuit. It is felt that the literature published uij till now* 
(Donald, 1947, etc) fails to give proper importance to and clarify adequately 
the phenomenon occuring at the lime when switching takes place, i c , when 
current from one valve transfers to the other. It is therefore intended to deal 
with this particular part of multivibrator ocUon in a series of imhlications. 


S \V T '(■ C TI T N ( A C 'r I O N t N A M V b T I V 1 H R A TOR 

For clarity and convenience, the mode of opeiation of the multivibrator 
circuit will be discussed biiefly. The multivibrator may be described as a 
two-stage resistance-capacity coupled amplifier in winch the output is fed 
back to the input. The plate-coupled circuit is shown in (big. i). 
When such a circuit is connected to the high tension supply, current 


The Hternturc (Kieberl and Ti»gb‘s, 1915 I and text books (M, I T, Staff, t(ji61 
iFiiik, 1947) published until very recently do not deal with the switelnng phenomenon m any 
detail-nor do they give the facts m .1 suinmarr/cd foim as has been done in tins paper. 
Williams et al (1950) P«scnt the result, of a theoretu-al analysis on the switching 
action of a niultivibrnllor circuit. They discuss the effects of iirciii p^ainc eis cn . ■ 

switching in connection with the discussion on triggering delay in triggeic wi c ing, 

determination of which is the chief aim of their paper, In the chapter on Generation 0 

fast waveforms" ( ‘■Waveforms", by David Sajre SlcOraw Hill * \ 
of obtaining “fast switching" ha.s Iteen discus.sed rtavie also attempt, 
analydsof the switching action, ’nie theoretical analvs.s hy the anlho, which will come 
out in the second part of this paper is more complete and is soiiiew 

6-1738P-8 
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alternately switches from the tube Tj to and switches back from to Ti, 
at regular intervals. We shall study what happens at the time of switch- 
ing’. The plate-coupled multivibrator will be discussed first. 



Starting with the condition in which current is flowing and tI current 
shut off, let us examine the phenomenon when current transfers from T, to 
Ta. In Ta grid voltage advances slowly towards zero from th^ high 
negative value it attained previously when current in 1\ was shut off. This is 

due to the negative charge in the condenser C'a leaking off through As 

the grid voltage crosses the cut off limit, current flows again through 7^2. 
The feedback chain is completed and the regenerative switching process 
starts. Current rapidly increases in 7'? and diminishes in Tj. Within a 
short time— one or two micioseconds, current in riseS to the niaximum 
limit and that in Ti cut off completely. Thereafter the anode voltage of 
and the grid voltage of Ti go on falling ; the anode voltage of 1\ goes on 
rising, while the grid voltage of diminishes slightly. Within another short 
period of a few niicroseconds (or a few tens of microseconds), the anode 
voltage of T2 and the grid voltage of Ti drop to their lowest values 
and the anode voltage of Ti approaches the maximum value, the H.T. line 
voltage. The whole phenomenon may thercfoic be considered to consist of 
two distinctly separate parts, viz., the switching of currents in the tube.s in 
the first one or two microseconds and the completion of the con .sequent 
voltage changes in the following few microseconds or few tens of micro- 
seconds. This latter part appears to be fairly well known now-a days. 
Ref 01 e World War II, it was belived that thie whole phenomenon takes 
place immediately. 

The changes of current and voltage that lake place at the time of swit- 
ching on absorb finite time, few microseconds, because some stray capacities, 
indicated by O and (V" IFig. i) are to be charged and discharged through 
finite resistances. The first part of the switching process in which the 
current is flowing in both the lubes Ti and Ta, is a regenerative process and 
is an exponential one with positive index. We shall discuss this part in a 
later publication, An experimental set up for oscillographic study on a 




Study of Switching Action in a Multivibrator Circuit 363 

free-running multivibrator will be described in this publication. The second 
part of the switching phenomenon has been €kfi4- studied in the first 
phase of these experimental investigations. The results of these investiga- 
tions will be suninidrizcd and explained. As mentioned before, these appear 
to be well known. A new exiierimental arrangement is described in the 
present paper. 


K X V P, R T M K N 'r A. Iv ARRAN G P M K N T 

The expcrinieiital set-up consists of the following parts ; 

(ij The multivibrator to - b e test«*4. 

(2) An isolating catliode follower tube for applying the lest multivibrator- 
electrode voltage to one plate (Yj) of the double-beam cathode ray tube. 

(3) A synchronized high-speed sweep which may be adjusted to start 
just before the switching takes place. 

A time marker arrangement feeding a shocked sine w'ave to the 
other plate (Yn) of the double beam catliode ray tube. 

is) An intensifying arrangement to switch on the cathode ray beam at 
the forward stroke of the high speed sweep. 

The circuit diagiam is given in Fig. 2. 

The test multivibrator consists of two 6SJ7 tubes connected as a fiee 
running plate-coupled multivibrator. The 6SJ 7 tubes may be connected as a 
triode 01 a pentode. The isolating cathodes follower consists of two sections 
of the double triode 6SN7 in parallel. The grids may be coimected to any 
electrode of the test niultivibralor. The cathode feeds the oscilloscope plate 
Yi and deflects the corresponding beam of the double beam tube. The 
oscilloscope plate receives a voltage signal at low impedance which is the 
Fame as the signal on the grids of the cathode follower. The inultivibrator 
electrode under investigation is loaded only with the relatively small input 
capacity of the cathode follower compared to the cathode ray tube. The 
remote end of the cathode resistance goes to the + 45 volts of the dry 
battel y when plate voltages are measured and to —60/120 volts when grid 
voltages are to be measured. The plates of the cathode follower may be 
connected to the + 300 volt or -1-500 volt supply. 

The synchronized high speed sweep produces a saw tooth sweep voltage 
which may be adjusted to start just before the switching takes place. It 
consists of the 6SN 7 synchronizing amplifier, the 50 pf, 5 k differentiating 
circuit, the 6SJ7 biased amplifier, the 6SN7 sw-eep multivibrator locked to 
the test multivibrator frequency, the 6SH7 sw^eep geneiator and the 6H6 
diode clamp tube. Its mode of operation is given below. 

The grids of the tube J\ of the test multivibrator and that of the synchro- 
nizing amplifier are connected together When the test inultivibrator is 
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switched on, Tj is cut off and synchronizing amplifier tube is also cut off. I'he 
positive rectangular pulse at its anode is differentiated by the 50 pf., 5 k 
circuit to form a positive spike at the grid of the 6SJ7 biased ainjdifier. The 
positive spike passes tin ough this 6SJ7 tube biased to cut off and triggers 
the sweep multivibrator — bringing about current transfer from to 'i’.i. 
This marks the synchronized zero time of the whole period and the system. 

The switching of the sweep multivibrator drives the voltage of the grid of 
'I\ to a little positive above zero and together with it the grid of the sweep 
generator 6SH7, as they are connected together. The .001 Mfd. sweep 
capacitor therefore discharges through the 6SH7 sweep tube. 
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The sweep multi vibrator switches back after some time, as 'I\ grid 
voltage comes near zero from the high negative value it allained at zero 
time the time of the triggered switching. This time de|)cnds uiion C^Rj. 
When the sweep multi vibiator switches back and current is tiansfered from 
7 4 to 3 .,, 3 1 grid becomes highly negative and its anode current is cut off. 
The 6SH7 sweep tube is simultaneously cut off The 001 Mfd. sweep 
condenser therefore charges thiough the so kilolim resistance at the plate 
.of the 6SH7 tube This is applied to the oscilloscope Plates X thiough the 
u.i Mid capacity and produces the forward sweep As the sweef) condenser 
voltage exceeds the voltage set by the cathode potentiometer of the diode 
clamp lube, it conducts and prevents further lise of condeiisei voltage 
during the sweep. The exponential sweep is thus brought to a halt and is 
confined to the neaily liiieai region 

As the test multivibrator switches back, cm rent is transterred from 
2'a to Ti, after a lime which is delermiiied by CiR^. 

If is made lusl smaller than 7, by ad i listing ol and C';^, the lor ward 
stroke of the sweet) .slatls lust beiore this switching (from to 7 ']) m the 
lest multivibrator. The voltages at this switching lime arc Iherefoie delineated 
on the greatly expanded sweep ol the oscill.is.'oite and their variations in 
times of the order of microseconds become observable 

The test multivibrator switches again, from I’l to To, after another 
time To, determined by CiRo. This marks the completion of one' period and 
the sweep multivibiator is again tnggcied *l'he sweep multivibrator must 
uot switch, of itself, earlier. If the sweep multivibrator wcic allowed to 
run flee, it would have taken a time 7, dependent upon t , for the 
leturn switching. Thus the total period of the lest multivibrator is (7j +72) 
and the total period of the sweei) imiitivibralor when allowed to luu free 
is For iiroper .synchronization (7^^ I- 74) must be greater than 

(ri-l-72). If this condition is not satisfied, the sweep multivibrator will 
complete its period aud switch on by itself before the lest multivibrator has 
switched on and thus camioL be syiiclu unized with the test multivibrator. 
Thus the following two conditions aic to be satisfied for proper adiustmeut, 


7 .^ just smaller than 7 j, and 

gi eater than (7^ ^- 72 ). 

These are accomplished by adjusting the conlinuously v ariable resistances 
R 3 and J?4 and by changing C .i and until suitable values are obtained 
These adjustments are most easily made with the double-beam oscilloscope. 
After removing the synchronizing link between them, the test multivibrator 
signal and the sweep voltage are both applied to the two oscilloscope plates. 
These are alternately locked with the internal time base of the oscilloscope 
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and their frequencies estimated. Keeping the variable parts of i2g and 2^4 
at about half values, the frequency of the sweep multivibrator is made smaller 
than the lest multivibrator by adjustment of 2? 3, 2?4, C3 and C4. Then 
the synchronizing link is restored and the continuously variables in JR 3 and 
R4. adjusted until the forward stroke of the sweep is seen to come at the 
switching time. The internal time base of the oscilloscope is then discon- 
nected and the circuit time-base is applied. Adjustment of 2? 3 brings the 
switching phenomenon at the desired position in the expanded sweep, (Fig. 
a and b in Plate XII A). 

The lime marker is provided by shocked oscillations in an L C circuit. 
At the forward sweep of the lime-base, i.e., when current in the sweep 
multivibratoi tiaiisfers from T4 to T3, Tj grid is powerfully driven positive. 
As the grid of the 6SH7 (shocked oscillation tube) is connected ti I's, it is 
also driven positive TJie sudden burst of current 111 the primary of the 
oscillator coil excites a powerful damped oscillation at the natural! frequency 
of the IvC circuit. This is applied to the second beam of the oscilloscope 
tube and used as a time marker. \ 

The intensifier consists of a two stage resistance coupled amplifier which 
derives its input from the 200-ohm resistance in series with the sweep con- 
denser. The charging current of the sweep condenser produces a small 
positive voltage across this resistance with respect to ground. The amplified 
voltage of a magnitude of about 100 volts positive, is applied through a 
high voltage coupling condenser, to the cathode ray tube grid. It therefore 
switches on the normally shut off beams at the forward stroke of the time 
base. This imblanking voltage remains positive only so long as the sweep 
condenser charges, t.c., only when the cathode ray spot moves in the forward 
direction. As soon as the spot movement .stops, due to conduction in the 
clamping diode, the positive voltage goes off and the cathode ray beams are 
blanked out. There is no opportunity for steady spots remaining illumi- 
nated to produce halo and reduce visibility in this circuit. 

RI^SULTvS OF EXPERIMENTS 

Oscillograms of rise of plate-voltage m tube ' 2 ' 2, fall of grid voltage in 
'2' 2 and fall of ] date voltage in Ti, with plate load resistances of 600,000 
ohms, 100,000 ohms and 20,000 ohms, both when the 6SJ7 tubes were 
connected as Iriodes as well as pentodes will be found in Plates XTIA, B and 
C, Ry connecting as a pentode, the common screen dropping resistor was 
made equal to twice the corresponding plate resistance. The condensers Ci 
and C2 were both 15 pf. tubular ceramic condensers and the grid leaks Ri 
and 2^2 were one megohm carbon resistors of small size. The 15 pf. i Meg. 
combination gave a relatively small repetition time and was necessary to mini- 
mize “jitter" of the oscillo.scope patterns. A few oscillograms with 50 pf. 
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ceramic condeuserti for and C2 will also be found in oscillograms 0, [’>, q. 
Besides, oscillogram (a) in Plate XIIA shows the grid voltage of T, 
together with that of the synchronized sweep on the internal time base of 
the Cossor model 339A oscilloscope and the same grid voltage with the 
expanded synchronized sweep Further oscillograms (n) and (0 prove the 
simultaneous beginning of the rise of grid voltage in tube Ti and fall of grid 
voltage in lube 7 2, and the rise of plate voltage in tube T2 compared with 
the fall of plate voltage in tube Tj . 

The oscillograms were taken on a Cossor model 339A oscillograph using 
a 09D double-beam tube. This tube retains admirably good focus with large 
assymetric deflection voltages and with the large change of grid voltage 
needed for full intensification of the forward sweep. 

The time marker circuit provides a damped sine wave of i.i Mc/s, 
generated by shock excitation of a high ‘ Q ’ tuned circuit. The repetition 
frequency of the test multivibrator altered with changes of plate load resis- 
tance They were measured by cumpariug with the sine waves from a beat 
oscillator. 

The results may be summarized broadly as follows : 

(1) ThcM'ise of plate voltage with time is exponential and has a time 

constant approximately given by It may be represented by the 

equation 

Tl. T. Voltage -Plate voltage) =• 

(H T. Voltage -Plate voltage at start of switching) exp-f/Cp. 

This voltage changes very slowly compaied to all otlicr electrode vol- 
tages. This is directly affected by changes in the coupling capacity Ci and 
by changes in the load resistance />. 

(2) The fall of plate voltage with time is roughly exponential ! and has 
a lime constant dependent mainly upon the stray capacitances C' (sum of 
tube output and input capacitances plus the wiring capacity) and the plate 
resistance of the tube. This change of voltage is the most rapid of all the 
voltage changes. It is affected by changes of the plate load resistor by a 
small amount — au increase in the plate load resistor diminishing the rapidity 
of the change. Changes in the coupling capacity produce a still smaller 
change in the rapidity of fall— an increase of capacity increases the rapidity. 

(3) The fall of grid voltage is a complicated function of time, a com- 
bination of two exponentials, roughly* It is dependent mainly on the same 
factois as those which control the plate voltage fall, being derived from it. 

* For accurate eLStimation, Cj must include the stray capacities acro.ss the plate of Tj. 

t The divergence from an exponential curve is very great, yet it is so called because 
the simple theory indicates an exponential. 
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It is affected greatly by J increase of C2R2 produces an increased 

rapidity. It is slower than the fall of plate voltage but may be faster or 
slower compared to the rise of plate voltage. 

(4) When the niapinitnde of the plate load resistors are equal to or slightly 
greater than the tube plate resistance, and the coupling capacities are comparable 
to or as small as the sliay capacities, the rise and fall of plate voltage are 
almost equally rapid, (compare oscillograms of 2ofc load resistance), while 
the fall of grid voltage is slower than either. 

(5) The rise of plate voltage is affected little liy a change from triode 
to pentode connection The fall of plate voltage and grid voltage are affected 
appreciably, the chief difference being a slight change in the character of 
these waveforms. However, the slopes are not appreciably greater with 
multivibrators using pentodes, so that when rapid switching as desired, 
multivibrators using triodes may be as good as multivibrators using ^lenlodes. 


CONCLUSION 

The switching action— the phenomenon that takes place in a multivi- 
brator wdicn current transfers from one lube to another, has been studied in 
this paper. The switching pheiiomenou is divided into two parts. In the 
first part, currents in the tw^o tubes change — increasing to the maximum 
limit in one tube and decreasing to zero 111 the other, The voltage changes 
during this cm rent transfer aic usually small— of ihe order of live to fifteen 
volts. This completes itself within the first one or two microseconds. After 
this current tiansfer, the electrode voltages go on changing and reach their 
final values w'lthin another few' or few tens of microseconds. This change 
IS considerable, being a good fraction of the H. T. supply voltage. Oscillo- 
grams of this switching action has been taken with the help of a circuit 
that starts a high-speed svveei) just before the sw'itcbing. The second part 
of the switching phenomenon is shown clearly in these oscillograms. The 
first part occupie.s relatively small portions of these oscillograms and hence 
no comments are made as to its nature. The results of these investigations 
with regard to the second part are summarized above. 

The switching action in a multivibrator is important because waveforms 
generated when switching veiy often form the basis of the timing signals 
utilised in radar, television and experimental nuclear physics. A critical 
knowledge of this swi idling phenomenon is helpful m obtaining increased 
accuracy of timing, whicli^ very important in the proper' functioning of 
these systems. 


OSCILLOGRAMS 

Oscillograms were taken on a four-inch Cossor double-beam oscilloscope 
(Model 339 A), 
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The cathode ray spot moves from right to left at the forwaid stroke of 
the high-speed sweep. The damped oscillation of tlie lime marker is from a 
high Q LC circuit that resonates at i i.Mc/s. 

The switching phenomenon was studied on a symmetrical circuit in 
which Pi^Pst — R\=R2 \ the stray capacitances C and C" are also 

nearly equal ; (see Fig. i). As a result it is imniatenal as to which of the 
tubes is utilised to get the oscillograms. Thus the plate voltage rise in 7 'i 
will be the same as that in Tg ; the plate voltage tall in will be the 
same as that of Ti ; the grid voltage fall in Ti will be the same as 
that in T2 i the grid voltage ii.se in will be the same as that 
of Ti . While the latter of the tubes referred to above were usually 
exploited in the experiments, it was verified that this conclusion generally 
holds true £er-€kU. 

As the rise in grid voltage is usually too small to be of much experi- 
mental value, most of these oscillograms have been omitted. 

Oscillogram (a) in Plate XlIA top left, shows the synchronized high- 
speed sw'eep (long up-and-down strokes) and the grid voltage of T2 (the 

smaller pattern in the middle of the oscillogram) It will be seen that the 
forward stroke of the sweep — the long line from top to bottom — is synchro- 
nized with the fall of grid voltage of r2- 

Oscillogram {b} in Plate XlIA top right, shows the fall of grid voltage 
in T 2 expanded on the highs-peed sweep. The cathode ray spot moves from 
right to left at the forward stroke of this time base. 

Oscillograms (c), Uf), (e) show respectively the plate voltage rise, 
plate voltage fall, and grid voltage fall, where 7'i and are two 6SJ7 
tubes connected as Iriodcs with plate load resistances — ^.2 = 600,000 

ohms, couijling capacities = = pf giid leak resistances 

= i Meg. The repetition ficquency was 6S(H) c.p.s. 

Oscillograms (/), (^) and (/i) similarly show the plate voltage n.se, plate 
voltage fall and grid voltage fall respectively with the same ciicult constants 
as above but with the 6SJ7 tubes connected as pcnlodch. Repetition fre- 
quency =6500 c.p.s. 

Oscillograms (n, (;) and (k) in Plate XII B show respectively the plate 
voltager ise, plate voltage fall and grid voltage fall where 7'i and I'o are 
pentode connected and = /02“ ^^’o,c)oo ohms Other circuit constants are 
same as before Repetition frequency = 8900 c.p s. 

Oscillograms (I), (m) and (11) in Plate XIIB similarly show the plate 
voltage rise, plate voltage fall and grid voltage rise and fall, with Ti and 
r2““6SJ7tubes of as triodc connected. Other circuit constants are same as 
those for oscillograms (i), (j), (k)- Repetition frequency = 9500 c.p s. 

Oscillograms (0), ip), (q) in Plate XIIB show the plate voltage rise, plate 
voltage fall and grid voltage fall respectively, with connected tubes as 6SJ7 
7— i738P-fi 
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triode and with coupling capacities of 50 pf for Ci and C2. Other circuit 
constants and same as those for oscillograms (/), (j), ffe). Repetition frequency 
= 4650 c.p.s. 

Oscillograms (r), (s), (/) in Plate XIIC show respectively the plate 
voltage rise, plate voltage rise and fall supex imposed, and grid voltage 
fall with triode connected 6SJ7 tubes and with pj =^2®* 20,000 ohms. 
Ri-R2 = i Meg. and Ci=C2 = is pf, same as in other oscillograms. 
Repetition frequency = 14,400 c.p.s- 

Oscillograms (u), (v), (w) in Plate XIIC are respectively the plate voltage 
rise, plate voltage fall and grid voltage fall with pentode connection of 6SJ7 
tubes and other circuit constants remaining same as in (r), (.v), (/). Repetition 
frequency = 8500 c.p s. 
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REVIEWS 

A general kinetic theory of liquids-By M. Born and H. S Green. 
Macthillan & Co. lytd., Publishers, London, 1950. Price los. 6d. 

This little volume contains six articles reprinted from Proc. Koy. 
Soc. A. of I 946 - 47 - Of these, the first, third, fourth and fifth articles are 
written jointly by M. Born and H. S. Green, the remaining by the junior 
writer alone, being communicated by Prof. Born. 

In the first three papers the writers claim to have given a general kinetic 
theory of liquid. Here the well known problems of classical statistical 
mechanics are discussed by taking a law of distribution not in the usual 
Maxwellian form in which the potential energy is neglected but in a 
more general form with the potential energy ^(r). It is apparent that 
unless 0(f) is defined for the liquid state the theory should be applicable to 
any state within the limits of classical statistics. The quantum extensions 
of the above theory has been made in their fourth paper. In this connection 
it may be mentioned that Fermi statistics with magnetic potential energy 
has already been used by Pauli (Zeit. f. Phys. Vol. 41, p. 97, 1927) for 
calculating the paramagnetic susceptibility. Thus, the idea of taking 
potential energy in the distribution function is not new. 

In the fifth paper is discussed the corresponding thermodynamics. 

The sixth and the last paper is rather interesting. Here the finer 
variation of density has been considered using Schrodinger wave equation, 
the potential 0(r) being laken for liquid after Lennard-Jones and the total 
density is taken to be the product of the Maxwellian and Schrodinger 
densities {Dvde Eq. 2.51). This idea is well known in wave statistics where 
the total density is taken as the product of Ferinic and vSehrddinger 
densities. 

Lastly, the mode of presentation appears to be as unattractive as in the 
well known book ‘Krislalgitter’ written by the senior writer of the papers. 

K. C. K. 

History of PhyBlos— By Max von Lane. Pp. 150 viii. Academic 
Press Inc., Publishers, New York, 1950 Price $ 2.30 

In writing this short history of physics, the author has covered the 
following topics : (i) Measurement of time, (2) Mechanics (3) Gravitation 
and action at a distance, (4) Optics, (5) Electricity and Magnetism, ( 6 ) The 
reference system of Physics, (7) The basis of the theory of heat (8) The law 
of conservation of energy* (9) Thermodynamics, (10) Atomistics, (n) 
Nuclear Physics, (la) Physics of crystals, (13) Heat radiation aud (14) 
Quantum Physics. The most difficult task in writing such a history is to 
dale the discowries accurately and in several cases some confusion may 
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arise in finding out the actual discoverer. The author has made it clear 
in the introduction how he has got rid of this difficulty. According to him a 
discovery should be dated only from that time at which it was so clearly 
and definitely stated ‘that it had a distinct effect on further progress. 

The topics mentioned above are so varied that a specialist in any one 
of these branches of Physics would take a very long time to collect all the 
facts incorporated in the book from existing literature. The situation is, 
however, different to the distinguished author, because not only he has 
himself made very valuable contributions to our knowledge in many of the 
topics mentioned above but he has also kept in close touch with the 
advancement in the other topics, as can be clearly seen from the elegant 
manner in which he has described from historical point of| view the 
developments in those branches of Physics \ 

The author has dealt with only the eariy history in the cap of most 
of the topics and in doing so he has started with the earliest worl|r on the 
topic on record and has stopped at some stage of development \which is 
for different topics. P\)r instance, the chapter on Nuclear Physics starts with 
the discovery of radio-activity in 1896 and ends with the measurement of the 
wavelength of v-rays emitted by fission fragments of plutonium in 1949, 
but the chapter on Optics starts with the idea of formation of images 
published in the thirteenth century and ends with I^oretz's theory of the 
Zeeman effect. Of course Planck’s quantum theory is responsible for recent 
development in Optics. These developments come under Quantum Physics, 
but this chapter again is not written in .such detail as would allow the 
discovery of the Raman effect to be at least mentioned, although the Compton 
effect has been included . 

To almost every physicist the book will be found to be useful in forming 
clear notion about the sequence of events in the early development in 
some of the topics in which he himself may not have specialised. 

The book is nicely got up, but as the historical discussions are short 
there are no diagrams. The price seems to be moderate. 


b. C. S 





Snfiiect 


Atttkor 


pttods in Scientific Research 

The Origin of the Planets 

Separation' of Isotopes 

OanietB and their Role in Nature 

(i) The Royal Botanic Gardens, 

Kew. * 

(a) Studio in the Gennination 
dfSeeds, 

Interatomic Forces 

— M.IVI. j. n, i^enn 

The Bdncafenel Aims ftactiee. « R.A.Millifam 

of the California Institute of 
Technology, 

Active Nitrogen 

A New Theory, 

Theory of Valency and the Struc- 
tufe of Chemical Compounds. 

Petrolettm Sesomces of India 

The Role of the Electrical iDonble 
Iwer in the Electro Chemisby 
of Colloids. 

A discount of is .Bowed to Bootsellers and Agento^ 


SwEeJ.RusseU 
Sir James H. Jeans 
Prof. F. w. Aston 
Sir I,ewis I,. Fermor 
Sir Arthur Hill 


Prof. J, R, Rennard-Jones 
R. As Millikan 

Prof, S. K. Mitra 

prof, P. Ray 

I>-NoWadia 
Je N. Mukherj'jse 


Price 

RSu An t*n 

0 d 0 
060 
060, 

a 8 o 

< 


s s 0 , 

0 6 0 

8 8 u 

300 

V 6 q 

X 12 0 


RATES OF ADVERTISEMENTS 

Third page recover 

Rs. 33, full page 


do. 

do. 


do. 

do. 


do. 


m allowed to 


••• i» 20, half page 

•“ “*11 12, quarter page 

'*• "• II as, full page 

■ ^ ■„ half page . 

••V . ••• «. \io, duar^iiaga 

.pnbKdty ageht»^ 8 eew%i mdeta fw 



CONtENTS 


BMW 


44. A Spediwwpfc Study uf a Condensed Spark Copper MecM^S 

in lUuminattog Gas, Air and OitbondiMide at various PiMWre*^^ 

Jggdeo Singh ... •" ■” 

45. fti the X<ay Luminescence Speotrt of TbalHuro-activats 4 AfluOi Halide 

Crystala-Sy ApareShChattetji : •" "• 

46. The Relativistic Theory of Scattering in Coulomb Field by Atom-|By K. C. 

Kar, S. Sengupte and P. P. Chatterji ••• — \ 339 

47. Scintillation type Alpha Counter and ite Application in U and ElrtimBtion 

ofMineral— By SantimoyChatterjeeandSoHianaDhar ... \ 346 


48. A Study of the Stritching Action in a Multivibrator arcuit-By B. M. 


Banerjee 

Reviews 


3S1 

371 


n SnnmAi^ KanjuUs, tOwo.), Ctsxxmi UiavERsirr 

‘ PSI& 0 . 4^1 Bsixtotwoi, CUXOW4 ^ 



v=aj« INDIAN JOURNAL OF PHYSICS no 9 

f ■ ' ' / ' - ^ , 

' ' ' ' I 

' , (PtthbhdmcoBaborationieUhlhehdimPhyticalSoflstu] 

AND 

Va.33 PROCEEDINGS No. 9 

; : OF THE 

INDIAN ASSOCIATION FOR THE 
CULTIVATION OF SCIENCE 

SEPTEMBER, 1960 


. PUBUSHED BY THE 

INDIAN ASSOCIATION FOR THE CULTIVATION OF SQENCE 
210, Bowbazar Street, Cakatfa 



BOARD OF EDITORS 


K. Banbsjbb 
D> M. Boss 
S. N. Boss 
. D. S. Kotbak! 


. 3. £. ibm 
P. Ray 
H. N. Sm 
S. C. SOKAE, 

Sfcntary 


EDITORIAL COLLABORATORS 

Ds. R. K. Asdndi, M.A., Fh.D. 

Prof. H. J. Bhabha, Pe.D., F.R.S. 

Ok. F. Kichld, I).Sc. 

Prof. E. S. Krishnan, D.Sc.i F.R.S. 
Prof. G. F. Dubsv, M.Sc. 

Or. E. Ranoaobaiu Rao, M.A„ O.^i ; 
Or. N. D. SarwatcsYi D.8c. 

Or. N. N. DasoDpta, M.Sc., Fh.D. 
Pro?. N. R. Sen, O.Sc., P,N.I. 

Prof. P. C. Wasanh, D.8o.,.F.N.1. 
Pr(^, S. R. Pamt, D.Sc.» 

OF. £[. D.Sc., 

Prof. K.?. Dixit, Ba.D. 

Dr. Vieram a. Sarabbai, H.A., Fa.D. 


; AiRMSTANT EOITfiR 
1)^. A. K. Banerjre, M.Sc. 


^ ■ ’"X;' , 

TO INTENDING AUTH^^^ 

!-*. |j(jj publkatfctti be 

se&t to Ur. A* N. ''^^stant 

Editor, aio, BowbwarSto^t, 


The manuscript of eadi pai^ should 
contain in the beginning a short abstract 
of the paper. 


All references to published papers should 
be given in the text W quoting the sur- 
name of the authors follWed by the year 
of publication wifhm bracesi a.g., Sen 
( 1943 ). The actual refer^ces should be 
given in a list at the end of the paper 
according to the following specimen : 

Sen, B. Km 194 a* hd» ], Pkysn 16>32Q- 

The references should be arrauged alpha- 
betically in the list, 

All digrams should be drawn on thick 
white paper in Indian ink, and letters and 
numbers in tbe diagrams should be written 
in pencil* 


Antmal. SnbscripHdb— 


InlSad Ri. SO 
foreign ^ ? 



A SPECTROSCOPIC STUDY OF AN UNCONDENSED 
SPARK BETWEEN COPPER ELECTRODES IN THREE 
DIFFERENT GASES AT VARIOUS PRESSURES. . 
PART III 


By JAGDEO SINGH 

fnt June 2, /yyj) 

Plates XIII A and 11 

ABSTRACT. A. stiuly is made of the uiicoiirteused spai k ''peetra 111 illunnuatiinj gas, 
ail and earbun dioxide by unug a tiansfonner as a source of excitation Some observations 
concerning tlic development o' lines, bands and umtinua in the spectra of the uucoiidensed 
spark are reported in the present papci 

1 N TR O D IT C r I 0 N 


In Parts I and II of this seiics (Singh and Raniiilii, 11^45, 1950) are 
discussed some aspects of liiu uiicoudenswd siicttia of three different gases, 
the illuiuinaling gas, an and caibon dioxide and some observations have been 
made concerning the develoi>iiienls of lines, bands and contiiiua In the 
studies of the uucondeiised spark spectra mentioned above, an induction 
coil was used as a source of excitation Before taking the condensed spectra 
fPart Ilj, observations regarding the uncondeiised spectra were also repealed 
under similar conditions. It is the purpose of the present paper to repoit 
some observations concerning the developments ol lines, bauds and continua, 
in the spectra of the uncondeiised spark obtained by using a transformer as 
a source of excitation. 
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The experimental arraugeiuents me exactly the same as discussed 
in Part II of the senes, dealing with the condensed spark. The 
spectra luve been photographed on a medium Hilger (juarti: spectrograph 
and the plates used were Eastman Kodak B-an in the case ot air and Ilford 
selochrome (orthocinom.itic) plates in the case of Hie illnminalmg gas and 


carbon dioxide . . 

Fig 1 (Plate XIll A) represents those taken with the illununating gas a 

the pressures of lo, s. 3. t «id 0.5 cm* under similar eondil.ons “ 

of the condensed spark. Fig. 2 is a representative of those ta^c 

at the pressures of 3S, 20. 10 and 3 ems, under similar conditions as 


+ ('uls of mercury 
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Fig. 2 (Plate XIII AJ of the condensed spark. Fig. 3 (Plate XIII B) is a 
representative of those taken with carbon dioxide at the pressures of la, 10, 3, 
and I cm along with the Figs. 4 and 5 of the condensed spark. 

R K S U L T S A N D D I S C U S S 1 0 N 

Before coming to the spectroscopic studies, some general features of the 
spark are described In this case the inaMiiiiim pressures npto which the 
spark could pass are only 15, 40 and 18 ems in the cases of the illuminating 
gas, air and carbon dioxide rL-spcclively, as against 25, 60 and 35 cins of tlie 
condensed spark, '{‘he maximum rise of pressure in illuminating gas at a 
pressure of 10 ems is 1.6 ems in the case of air there is no rise upto a pressure 
of 40 ciiis and in carbon dioxide the maximum rise at a pressure, of 20 ems 
is 0.2 cm and at a pressure of 20 cins it is 1 cm. There isjliow ever, U(» 
fluctuation or pressuie a.s was observed in the condensed .spark in carbon 
dioxide \ 

Even in this case of the uncoudciiscd spark there is found to oe lectiflca- 
tiou in the discharge tube in all the three gases used. \ 

The line and the continuous spectra are practically absent in this case 
The resonance lines of copper (3247 and 3374 are completely absent in 
illuminating gas and carbon dioxide, hut present in the aii spectra at all the 
pressures and aie stroiigci at the ends and ueakcr in the middle. Tlie caibon 
lines (2483 and 2298 .Sj have appeared in the illuminating gas spectra at tlie 
pressure of 3 ems and in the carbon dioxide spectra af the pi essuros of 6, 3 
and I cm in the F pait only. They are absent at all oilier pressures. It 
may be pointed out that it u as not so in the condensed spark spectra. The 
carbon lines, as present in the condensed spark, uere present only at highei 
pressures and were stiouger at the centre and weaker at the ends of the spark, 

The bauds are best developed both in the condensed and the uncondensed 
at a pressure of 10 eras in the case of air and from 10 to 5 ems in the case ol 
illuminating gas and carbon dioxide. The general development of the bands 
IS summarized in Table i As regards the developments of the bands, both 
in the condensed and the iincoudensed, the air spectra arc exactly alike, the 
illuminating gas spectra are a bit less alike and the carbon dioxide spectra arc 
least alike In the case of the illuminating gas all the three parts (F, C and B) 
behave alike, in the case of air, F and C’ and in the case of carbon dioxide F 
and B, more or less behave alike. The C pait is ueaker below i cm in both 
the spaiks and in all the three gases, and is weaker in uncemdensed carbon 
dioxide speetja at all pressures. , . , 

The developiTients of CO. and COJ bahds in the carbon dioxide spectra 
are rather peculiar. At 12 and lo ems they are very much stronger in the B 
part as compared to the F and C parts ; whereas at a pressute of 6 ems they 
are equally strong in F and B and w'eaker in C and kt a pressure of 3 eras 
they are strong in the F part aa compared to B and C though they are present 
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both in F and B paits. It may be pointed out that this was not so in the 
condensed spark spectra, whore they were best developed in the I) part only at 
the pressures of lo and 5 cnis. 

T. he cyanogen violet hands were developed in the etiihon dioxide spectra 
only at the higher pressures (20 and 30 ems) in the case of the condensed 
spark. 1 hey are, however, always absent in the uiicondcnsed spark spectra 
in carbon dioxide They are always absent also in the air spectra both in 
the condensed and the nncondeiised As pointed out in the previous publica- 
tion, it is quite likely that for the development of the cyanogen violet bands 
a great concentration of carbon seems necessary 

The complete absence of N()y fiaiids in the illuininatuig gas (containing 
48% of nitrogen and 12% of oxygen) is rather surpiising. As pointed out 
previously, it is quite likely that foi the developments of these bands a very 
low concentration of nitrogen and oxygen in the presence of the other subs 
lances is required. 

The following are some of the more imporUid points- 

(n) 'I'he copper lines arc all absent in the spectra of iUimiinaMng gas and 
carbon dioxide at all the pressures, but the resonance lines of copper are 
present in the spectra of air at all the pressures and arc stronger at the ends 
and weaker at the centre Tliere is no shading of the line in this case 

(h) In Ihc nncondensed spark spectra of the illuminating gas and carbon 
dioxide some carbon lines have appeared at Ihc pressures of 3 cnis and 6, 3 
and I cm respectively in the P part only. They arc absent at higher and 
lowei pressures than mentioned above. 

(c) Continuous spectrum is absent in all the gases and at all the pressures 
invealigated 

(d) The developmenth of some of the band systems, like CN, NOy and 
CO2 have been discussed 
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ON THE RAMAN SPECTRA OF THREE MONO SUBSTITUTED 
n-BUTANE COMPOUNDS IN THE SOLID STATE* 

By S. D. SANYAL 

{Received for publication July 15 1956 ) 

Plate XIV 

ABSTRACT. The Raniaii spectra of w-bntyl bromide, n-butvl amine and n-bulvl 
alcohol have been studied in the solid state at about -150T and compared wyli those of the 
corresponding liquids at about 3o"C. It is observed that nio,st of the lines due to the oscih 
lations of the C-C C-C chain disappear with the solidiBcaliori in all these casks, Also, two 
intense lines at 558 cm"’ and 642 cm"* due to C-Bi valence omllations are\ observed in 
the case of butyl bromide in the liquid state, but the line 55S cm disappears ^\hen the 
liquid is solidified. It has been pointed out that the lesu’ts cannot be e^plnined by astuiii 
ing that two forms of i.sumeric single molecules are present in the Lquid state and that one 
of the forms di.- appears in the solid slate, as has been done by previous aulhrrs. It has 
further been pointed out that if association of molecules in the liquid state is postulated, the 
results can be explained satisfactorily. 


I K T R 0 D U C T I O N 

The Raman spectra of many disubstiluted ethane compounds have been 
studied by previous workers and it has been observed that some of these 
compounds, which are in the liquid state at ordinary temperatures, yield a 
smaller number of Raman lines when soldifitd at low temperature. According 
to the general explanation offeied by the various previous woikerslhe dis- 
appearance of some of the lines in the solid state is due to the disappearance 
of one of the two forms of molecules which arc supposed to exist in the liquid 
state. It was pointed out by Sirkar and Dishui (1945) there are certain 
difficulties about explaining, 011 this hypothesis, all the changes obseived iu the 
case of ethylene dibromide. Such disappearance of some of the lines is also 
observed in the case of substituted propane compounds (Mizusliima ei al, 
1940) and the results obtained in these cases have also been explained on the 
same hypothesis. An alternative hypothesis has, howevti, been put forward 
by Bishui fi948a) to explain these phenomena. The Raman spectra of n- 
butyl bromide and some other derivatives of n-butane have been studied in 
the liquid and solid states by Nakamura (1939) and it has been concluded 
from the results that two molecular forms exist iu the liquid state of these 
compounds and in the solid state one of the forms disappears- Since it 
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was found that such a hypothesis could not explain satisfactorily all 
the facts observed in the case of substituted ethane and propane com- 
pounds it was thought worthwhile to re-iuvestigate the Raman spectra 
of some mono-substituted n butane derivatives in order to find out 
whether in these cases also aii alternative hypothesis is necessary to explain 
the observed facts For this purpose the Raman spectra of n-butyl bromide, 
n-butyl amine and n-butyl alcohol in the liquid and solid states have been 
studied in the present investigation. The polarisation of the Raman lines of 
n-butyl bromide and n-butyl amine in the liquid state has also been studied 
in order to understand the significance of the changes which are observed to 
take place with the change of state of these substances. 

E X P E R I M I? N T A h 

The liquids used were obtained froiii the old stock of the laboialory and 
were of chemically pure variety. They were further distilled in vacuum 
before use. The technique used was the same as that adopted m the previous 
iuvesMgation (Sanyal, 1950). In oidei to find out the state of polarisation of 
the Raman lines, the horizontal and vertical components in the tiansverscly 
scattered spectrum were photographed on the same plate with the help of a 
Wollaston prism. The light from the Ilg arc was focused on the horizontal 
tube containing the liquid with the help of a condenser in ilus case and as 
there was some convergence of the incident rays, the horizontal component of 
the totally depolarised Raman lines was practically of the same intensity as 
that of the vertical component. 


results 

The spectrograms are reproduced in Plate XIV The frequency-shifts of 
the Raman lines are given m Tables 1, 11 and III. The data for the liquid 
state observed by some previous workers in the case of these substances are 
also included in the tables for comparison As usual the letter D put agjinst 
the frequency-shifts indicatea that the value of the depolarisation factor is 6/7. 
Similarly the letter P indicates that p< bjj. llie Raman spectra of n-butyl 
bromide and other mono-substituted butane compounds were studied 
previously by Nakamura (1939) in the liquid and solid states, but as the 
literature is not available to the present author it has not been possible to 
incorporate these data in the tables. 

DISCUSSIONS 


n-Buiyl bromide. 

ITie re$ults given in Table 1 for n-butyl bromide show that some of the 
lines observed in the case of the liquid state disappear when the liquids arc 
solidified- Such a phenomenon is reported to have been observed also by 
Nakamura (19^9) and they have explained it on the hypothesis that two 
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Tabue I 

u-BuLyl bromide. C4HpBr 


Liquid at 

1 Solid at 130*0 

Wood and Oolliiis 

(1932) 1 Present author 

Present author 

A*' ill f'ln' ‘ 

i A V lu cm “ ' 

1 

; Ai' incur' 

-iiS (3) 

1 

00 12) e, k. 

^35 (3) 

23S (2b),±e, k , P 


276 (5) 

272 (4),+e, k , P 


3i5 (>) 

1 

! 

; i 

3«7 (-’) 


i 

411 (::) 



457 (5) 

1^0 (t), 0, k . I* 

\ 

S5C (20) 

558 '10), ±e, k , P 

V' 

b4o (lu) 

642 ((S), e, k . P 

0}0 '4), c, k 

736 (5) 

738 <2), c, k , P 

bl6 (1), e, k 

796 

79b ta), 0, k , P 

V 

833 (0) 



865 (5) 

86.) (a), e, k , P 

\' 

893 (11) 

890 (lb), e, k P 

giJ2 l2), t‘, k 

909 (2) 



967 (1) 



lOlI (2) 

luio (ob), e, k , P 

1015 (a), e, k 

1048 (8) 

J049 (4I, e, k , P 

V 

1 

1097 (3) 

ii.,y4 ( 2), e, k , P ! 

\ 

1 ion 11), e, k 

1214 (5) 



1260 (4) 

i 

1 


1294 (5) 

J296 (a), c, k ; P 

jjgtj (i)', t . k 

1441 (10) 

1440 (5b), e, k . P i 

1 130 (I*, c, k 

2660 to) 

~ ! 

1450 11), e, k 

^733 'I) 



2833 (2) 

a8i*, (1), e, k ; P ; 

2815 12), e, k 

2868 (i(t) 

2866 (5), e, k , P 

2865 (5). e. k 

290a (5) 

2905 (sbf. e, k , P 1 

(4s) , e, k 

2934 (loi 

2937 >5', e, k ; P 

2937 hsi, e, k 

2963 IIOJ 

2^.60 15), e, k ; P 

2960 (5), e, k 

3JO8 (3) 

3008 (lb), e, k , P 

3'.oo (is), e, k, 
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Tabi,e II 

n-Butyl amine, C,Hr,NHa 

Iviqiiid Qt 3o"C 

Solid at- 150 “C 

Baytey (1934) 

A*' in cm'* 

Prc'jent author 

Av in cm'i 

Present author 


■ — — — 

Av in cm'i 

330 ^0) 


— 

338 (i) 

350 (ibl, e, k , P 


399 (4) 

396 (6). e. k , r 


440 (l) 

396 (2), e, k 

472 (0) 

495 (0) 



794 U) 

794 (ib), c, k , V 


813^1) 



842 (I) 



i {72 (ij 

872 (0), e, k j P 

87 l(i).e, k 

896 (2) 

894 (i). e, k;P 


935 (11 



962 (i) 

968 (i), e, k , P 


1030 12) 

i <^34 (2), e, k , P 


1050 (31 


1019 (2)_, e, k 



*1183 (3^ 

1074 0 ), c, k^ p 


1123 (1) 

1121 (0), i*, k ; p 

1119 (2), e.k 

1184(0). 



1301 (4) 

1298 I3). C, k; D 

1300 (3), e, k 

1442 (7) 

1440 (5b >, e> k ; D 

1134 (3 b e, k 

1459 '4) 


1455 (' 3 ), e, k 

■1476 (oTi 


- '2727' (0) 

2733 fib), c, k ; P 

2868 (3b), e, k 

21873 >10; 

7R6S(8b', v„k : P 


' g^06i7) 

2ycK8 (6) , c, k ; P 

28S7 (8s), e, k 

2930(7) 

2937 lb) , e, k , P 

2930 (a),' e, k 

2960(2) 

2960 (4), e, k ; P 

295S (2), b, k 

,^^3317(4 ; ! 

3386 (4b), e, k ; P 

3319(28), e,k 

3383 ^0) , 1 

3378 vab), e, k ■ P 
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TABr,K III 

w-Butyl alcohol. ’ CjHbOH 


Uquidat3o”.C Solid tt- 150" C 


Wood and Cdlliiis fi 933 ) 

A I' in cnr ' 

Present author 

Av in cnr* 

Present au'tboi 

Av in 

350 (3. 

3^4 (6) 

448 (3) 

356 (i). e, k 

391 (3). c. 

447 (lb), e, k 

356 (1), e, k 

391 (2), e, k 

4S3 (2^ 

498 (ib), e, k 

1 

514 (2I 


\ 

805 (4) 

811 U)> <*, k 

81 1 (W e, k 

8as (8) 

820 (s), e. k 

8ao (<i), e, k 

845 (3) 

842 (ob e, k 

\ 

877 U) 

879 (1), e, k 


9Pi ( 4 )' 

902 (i), e, k 

9c 8 (1), e, k 

944 (4) 

941 ,(i), k(e) 


963 (4) 

960 (i), k(e) 


1025 (4) 

1018 (i), e, k 

0 

1051 (4) 



1067 ('!) 

1063 (4b), e, k 


H04 (6) 

iiio (4), k 

11 JO (0), k 

1135 (1) 



1296 li) 

1298 (8), e, k 

1298 (O), e, k 

1447 (lo) 

1440 (8bb Cj k 

1440 (1), e, k 

1476 (4) 

1476 (2), e, k 


2660 (i) 



2733 (1) 

2720 (2», e, k 

2882 (4b’ e, k 

28^5 (10) 

2882 '.15), c, k 

2896 (3), c, k 

2903 (10) 

2911 fio), “e, k 

2911 (4), e, k 

2 y 32 r(Jo) 

2937 ( 8 ), e, k 

2937 (ab e, k 

3963 (15) 

2963 (10), e, k 

2963 (2b c, k 


forms of molecules exist in the liquid state and one of the fortns disappears 
in the solid state. We shall examine this hypothesis carefully to find out 
how far they can explain th^ observed facts. For this purpose 'it .will 
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be ifireleviint to discuss here the results obtained iu the case of lower alkyl 
halides, If we examine the data for the Raman spectra of ethylene di- 
bromide, n-propyl bromide and also for analogous chlorides in the liquid 
and solid states, we find that the lines having frequency-shifts below 1060 
cm“^ which disappear in the solid stale, are too many to be accounted 
for by assuming that they all belong to the rotational isomer other than that 
present in the solid state. For instance, in the case of ethylene dibromide, 
according to Mizushiina el al (193S), the number of lines having frequency- 
shifts below 1056 cni'“^, which disappear in the solid state is twelve, wheieas, 
according to Sirkar and Bishui (194s). this number is at least nine. If 
these lines were due to the vibrations of the group Br-C-C-Br of cis or gauche 
form the total number would be only six Hence the observed number is 
too large to be produced by such a form. According to Bishui (T948a), iu 
the case of propyl bromide there are altogether four lines having frequency- 
shifts between 1024 and 848 cm”^ in the liquid state, but only one line 
with a frequency-shift 1020 cm“^ is observed in the solid state. All these 
lines are probably due to oscillations of Ihe C-C-C chain. If the molecules 
would have two forms, the lines due to C-C oscillations would have identical 
frequencies iu both the cases and even if they were of slightly different 
frequencies, the number of such lines in one case would be the same as that in 
the other. Hence if the disappearance of the lines were due to disappearance 
of the one of the forms in the solid state, we would expect half the number 
of the lines observed iu the liquid state to be present in the solid state. 
Actually, however, only one line is observed m this region m both the cases 
of propyl chloride (Mizushima, ef al, 1940) and propyl bromide in the solid 
state. These results have been shown diagranimatically in figure 7, in which 
the data for butyl bromide and butyl amine are also included. Hence it 
is quite evident that the other three lines are due to the C-C oscillations 
modified by some extraneous causes. Wc shall try to find out these causes 
by comparing these results with those obtained in the case of substituted 
n -butane compounds. 

It is seen from Tabic I that there are six lines having frequency-shifts 
between 1049 and 73S cra”^ iu the case of n-biityl bromide in the liquid slate 
and in the case of solid state there are only two lines having frequency- 
shifts 902 and 10T5 cm"' respectively. It is also observed that the line 558 
cm"*', which is the strongest in the spectrum due to the liquid disappears 
in the solid slate and the line 642 cm"' splits up into two lines at 640 and 
646 cm“^ respectively in the solid state. Simultaneously, some changes 
occur also in the lines due to the C-H oscillations. The line 2937 cm"', 
is the strongest of tire lines, due to C-H valence oscillations iu the 
liquid, becomes weaker in the spectrum due to the solid. Also, the line 
2906 cm"* shifts to 29TI cm"', becomes a little shaper and increases- 
in intensity in the solid state. It is thus seen that the changes - observed in 
the lines 558 and 642 cm"' due to C-Br oscillations with thb change of state 
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is indirectly connected with the changes in the C-H oscillations. Accord^' 
to the argument put forward in the previous paragraph in the case of 



Fig. 7 

n-propyl bromide, m the present case also Ihe disappearance oi the lines 
73S, 796 and 864 cm"* produced probably by C-C oscillations cannot be due 
to the disappearance of one of two isomeric forms which might be postulated 
to exist in the liquid stale. It is quite evident that it is not the geometrical 
configuration which creates such numerous lines due to C-C oscillations 
in the liquid state, but it is probably the change in the strength of the C-C 
bond in some of the molecules due to proximity of the Br atom of a neigh- 
bouring molecule that such different frequencies of the C*C oscillations are 
produced. The hypothesis put forward by Bishui (1948a) can explain the 
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iacls observed in Ihe present investigation quite satisfactorily. Tf it would 
be assumed that the frequency of C-Br oscillation has two values owing to 
the presence of two types of C-Br bond having two different strengths and 
that one of them disappears in the solid state, the observed facts could be 
explained. The normal C-Br bond evidently gives rise to the line 558 ciir\ 
as can be seen from the Raman spectra of ethyl bromide (Bishui, i94Sb) 
in both liquid and solid states. Owing to the random arrangement of 
molecules iu the liquid state the C-Br bond may be strengthened by the 
influence of intennolcculai field in the case of some of the molecules and 
this would give rise to the line 642 cm"’ , Tii the solid state there would 
be regular arrangement of the molecules in the lattice and there being only 
one halogen atom at the end of the molecule probably all such C-Bi bonds 
are influenced by the neighbouring molecu'es and only C Br oscillations of 
the associated molecule iu the solid state arc produced. The crystalline 
field is asymmetric and this may be the reason of splitting up of the line into 
two. The lines at 73S, 796, 864 and 10 ;9 cm“' may be due to vibrations 
of the C-C group affected by the influence of the Br atom of the neighbouring 
molecules. When the random onentatioii ceases in the solid state such an 
influence is restricted only to one or two of the carbon atoms in the molecule 
and therefore these line.s disappear The fact that the lines due to some of 
the C-H oscillations undergo changes in the intensity in the solid state shows 
that the association mentioned above takes place thi oiigli the 11 and Br 
atoms and such association alters indirectly the strength of the C-C bond 
in the molecule and directly the strength of the C-II and C-Br bonds. 

It can fuither be sccu fiom Table I that a new line at 50 cm * appears 
in the Raman spectrum of butyl bromide when the substance is solidified 
It will be seen from the other tv\o tables that no such new lines iu the low- 
frequency region appear in the case of butyl amine and butyl alcohol. Ihus 
the presence of halogen atom iu the molecules seems to be responsible for 
the origin of this line. It can further be concluded that the line is not 
due to rotational oscillation of the molecules pivoted in the lattice as pos- 
tulated by Kastler and Rousset (1941). because in that case the other two 
substances would also have yielded such new lines in the solid state 


n- Butyl amine. 

In the case of n-butyl amine it is seen from Table 11 that the lines 
.034 and 1074 cm- observed in the liquid stale merqe 

.a,.n. « .«> «»-' M 11". » 

to C-NHo valence oscillation, as there is a hue at 1037 

case of methyl amine. Hence it has to he inferred 

that in the liquid state the frequency of this oscilia ion 

different values owing to the influence of a virtual ^ . 

molecules and absence of such an influence in t le case o o i ‘ 

As the random orientatiou changes to an ordered one m i 
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influeuce of the inlei molecular field becomes the same for both the types of 
molecules but it is smaller than that in the liquid state so that the 
frequency of the C-NH^ oscillation is in tei mediate between those obseived 
in the liquid state. Remaikable changes take idace also in the lines due to 
N-H and C*H osciliations with the cliangc of stale The line 2S68 enr^ 
which is the most intense line in the spectrogram diu to tlie liquid, becomes 
much weaker and the line 2908 cm“^, due to the liquid shifts lo 2SS7 cm 
and becomes more intense when the liquid is solidified. On the other hand, 
the line 2937 cin“^ shifts to 2930 cni“* and becomes much weaker with the 
solidification of the substance. All these lines are due to vibration of the 
CHs group and it is unlikely that any rotation of the C-NHa group about a 
C-C bond would change the intensity and frequency of the lines due to 
oscillations of the CHo group so enormously. The facts cljbarly show that 
the H atoms take part in forming virtual bonds and coiiBcquently, the 
frequencies of the C-H oscillations arc altered so much. \ 

Both the lines 3316 and 3378 cm“^ observed in the liquid state are due 
to N-H oscillations in the liquid state. Since both these lines \are polaiised 
they are not due to the symmetric and antisymmetric modes respectively of the 
NHa group. They are probably due to the N-H oscillations in the associated 
and single molecules respectively. In the solid stale probably the former 
type persists and the latter disappears and so the line 3376 cm”* al.'so 
disappears. There is anotliei fact w'hicli deserves mention in this connection 
The intensity of the line 872 cm”* is small in thp liquid {ilate, but it 
increases very much in the solid state. On the oilier hand, the neighboniing 
lines 794, 894 and gdd cm”', which are stronger than the line 872 cm"* in 
the liquid slate, are absent in the specliogram due to the solid. These lines 
are probably due lo oscillations of the C-C-C-C chain. As in the case ol 
n-butyi bromide, in this case al.so, only less than half the numbei of lines i.s 
observed in this legion in the case of the solid This fact cannot be 
explained on the hypothesis that it is due to the disapiieaiance of one ol 
two isomeric forms, and therefore, it has to be concluded again that the 
influence of iiilerniolecular field due to random distribution of the rnolecule.s 
in the liquid state changes the strength of some of the C-C bonds. 

n-Buiyl alcohol. 

The data given in Table III for 77-butly alcohol in the liquid and solid 
states show that in this case also the lines having freqnency shifts lying 
between 1060 cm”* and Si I cm”* undergo remarkable changes in inteusily 
and position with the solidification of the substance. The number of such 
lines in this region is nine in this particular case, while it is only six in the 
case of butyl amine. In the latter case probably both the lines 1034 cm”* 
and 1074 cm”* are due lo C^NHa oscillations. Therefore, only the remaining 
four lines are produced by the vibration of the C-C-C-C chain. In the 
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case of butyl alcohol ou the other hand, probably the line 1060 cm"* is due 
to the C-OH oscillation and the remaining eight lines with ficquency- shifts 
ranging from 811 cm * to 1018 cm“^ are due to the oscillations of the 

^■C-C-C chain. In the solid state the intensity of the line 1060 cm"* becomes 

extremely small, whereas tlie feeble line 902 cm"' shifts to 908 cm"' and be- 
comes more intense than either of the stioiig Ihie.s 820 cm"' and 1060 cin' ' . The 
weakening of the line 1060 cm“* in tlic solid can hardly be explained on the 
assumption that one of the two isomeiic molecular forms picsent in the 
liquid state disappears in the solid state, because if such a disappearance 
would actually take place there would be another strong line in tliis region 
due to the C-UH oscillation m the case of the solid stcitc Since no such 
line is present, it has to be inferred that in the solid state gieat changes 

occur in the strength of the C-OII bond On examining the relative 

intensities of the lines due to C-H valence oscillations in both liquid and 
solid slate.s it is found that the relative intensities and frequency-shifts 
remain almost uuailerecl with the change of .state, excepting the fact that 
the most intense broad line 28S2 cm"* splits up into two shaiiier hues at 
2882 cm”* and 2S96 cm"'. This fact shows that the strength of the C-H 
bond is not affected very much with the change of stale On the other hand 
the intensity of the hues 1298 and j/]4o cm"' diminishes considerably 
in the solid state. As these lines are due to deformation oscillaLiou of a CHa 
or a pair of CH^ grouiis the diminution in intensity may be due to the 
attachment of an H atom tu a neighbouring molecule Ihese results are 
quite different from those observed in the case of bul>l amine, because 
in that case the lelative intensities and the positions of the lines due to C-II 
valence oscillations undergo considerable changes with the change of slate. 
Hence these changes are due to different causes in the two cases and they 
may be due to association of the molecules in which the hydrogen atoms 
of the CH^ group take pait in the case of butyl amine and the Oil group 
takes part in such an association the case of butyl alcohol It appears 
therefore that in all these cases the random distribution of the iiiolcciiles 
around each molecule affects the strength of the C-C bond giving rise to 
different C-C valence frequencies and the regular arrangenitnl 111 the solid 
state produces a smaller number of such lines. 

C O N C I, U S I O N S 

The results obtained 111 the present investigation thus show that in the 
case of mono'subslitutcd normal butane compounds the changes observed to 
take place in the Raman sjiectia with the change of state of the substances 
cannot be explained by assuming that two types of single molecules exist 
in the liquid slate and one of them disappears in the solid state. Ihere 
are other facts wdiich support such a conclusion. If in the liquid only two 
types of rotational isomers of the molecules were present they would be single 
molecules. On the other hand, the values of Kerr constant of substances 
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iiaving polar tnolecuics in solutions and in the liquid and vapour states ihoisv 
(Stuart and Volkmann, 1933) that in the liquid state the molecules are highly 
associated in many such cases and especially in acetone and ethyl alcohol- 
Hence it is expected that as the molecules of ail the three compounds studied 
in the luesent investigation are polar, they are also highly associated 
in the liquid state. Hence any postulate in which the existence of only 
single molecules is assumed in the case of liquids having polar molecules 
cannot be accepted as a correct one. 
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TIDES IN THE IONOSPHERE 
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ABSTRACT. The paper presents m a counseled form results of recent investigations, 
both theoretical and experiuieiital. on tidnl effects in the ionosphere An account of the 
electromagnetic theory of tides, as developed by Muit^n, h given Results of estimation of 
ionospheric tides by comparative study of ionospheric data at Calcutta, Delhi and Chunking 
are also presented 


I N T R 0 D n C T I O N 

It has been known for a long time that tidal niolious, similar to those in 
the oceans, exist in the upper atmospheric regions. The presence of these 
motions leads one naturally to expect that the ionnspheiic layers, situated 
as they are in the high regions of the atmosphere, would participate in these 
tidal motions and tlirat ionospheric rccoids, if analysed, would reveal the 
effects of such motions. This is, in fact, what has been found Analysis 
ol the daily rccotds of /i', hmux and have shown that their values oscillate 
with the solar and lunar tides. The motions of the ions and eleclrons as 
produced by the tidal motions of the air is, however, by no means .simple, 
on account of the influence of the leneslnal magnetic field Hence the 
obseivcd tidal variations of ionospheric quantities arc not always easy to 
interpret in terms of tidal an motions. 

In recent years a complete theoiy of tidal oscillations in the ionosphere 
— the electrodynamical theoiy— has been developed by Martyu (1947a, b ; 
1948 ; 1949). According to this theory, though the tidal motion is jire- 
domiuantly a horizontal motion, the ions and electrons are constrained to move 
along the terrestrial magnetic lines of force. This motion has, in general, 
a vertical component except at the magnetic equator. But even at such low 
latitudes vertical ion — (and electron) drift can occur if a horizontal electric 
field exists ; such a field must occur if the " dynamo theoiy ” of iiiagnetic 
variations is valid. It has been shown by Martyn that these characteristic 
motions of ions and electrons, besides explaining the observed tidal variations, 
also explain many of the known anomalies ol the behaviour of b 2-layer, and 
the small but significant depaitures of the behaviour of regions E and b ^ 
from that of the ideal Chapman region Another fact that has emerged from 
these considerations is that the usual methods of measuring a from observa- 
tions of the diurnal variation of ionization need leconsideration. 


* Cotuinuiiicated by Prof vS K Mitra. 
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In the present paper we shall present in a connected form the results of 
analysis of ionospheric data for determining tidal effects, and also the electro- 
dynamical theory of the same as developed by Martyn. 

The principal ionospheric parameters recorded are h', hmax and for 
regions F, F I and F 2 . Hourly or bi -hourly measurements of each of these 
data for long periods are necessary for deducing the tidal vaiiations. I'he 
solar tidal variations are usually much larger than the lunar ones but are 
more difficult to isolate. This is because the solar diurnal ionospheric varia- 
tions must have a strong non-tidal 12-hourly harmonic due to the ionizing 
effect of sola! rays of 24-hour fundaincniul periodicity. Lunai ionospheric 
tidal effects, though of much smaller amplitude, aie free from these compli- 
cations and are easier to deduce. 

LUNAR TIDAL E U F K C T S 

U‘) Iniroduciion. — Tlie methods used for the delcniiinatioii of Wlie lunar 
barometric tide and the lunar magnetic variations may also be\ used for 
deriving the lunar tidal variations of ionosi)lierie chaiactenstics. The solar 
diurnal variation is first removed from the data. They are then rearranged 
in lunar time reckoned from the lowei transit. The data for each calcndei 
month are arranged in lunar time on one sheet and added up, Selected 
groups of months are then subjected to harmonic analysis. 

As an instance of the analysis of iono.sphcric data for deducing tidal 
variations, we may refer here to the work of Appleton and Weekes (1939) — 
the earliest w'ork of its kind — on the lunar semi-diurnal variation of h' E at 

Table 1 

Lunar ionospheric tides — Region K 
f semi-diurnal) 


/I'K variations 


/“ E variations 


Station 

lAniplitude 

IkniJ 

Phase of the maxi . ... , ^ 

muiil(.aimrl..urs Amp'ilude 
after P" 

1 Phase of ihe ma\i- 
1 mum (liiiiat houts 

1 nfler transit) 

Remailfs 

Slough 

( 5 i‘N. 0 . 6 ‘W) 

o.c )3 

11.25 


Average of 1 
year'aS accurate 
cl.ita (Appleton 

I and Weekes) 

Canberra 
(35.3‘S. 149“^) 

J 0.19 

1 E 0 16 , 

D 0 26 
jMcan : 0.19I 

J 6.3 J 009 

E 5.3 Eo.21 

D 4.2 D 0.20 

Mean r 5 . : | Mean : 0 13 

J 6.6 

E3.8 

D 3 2 

Mean ; 4.8 

Average of 4 
\ ears’ routine 

data (Martvn) 

Brisbane 
(27 5 ’S. 
IS 3 .o‘E) 

0.5 

4.5 


Average of 4 
vears' routine 

data (Martyn) 


J— Northern solstice months, E -Equinox months and D— Southern solstice mouths. 
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Slou^gh, England. They worked with the data of ekven different periods 
(in the years 1937-3S), each period covering ia-14 days. The height measure' 
ments were Gained out on 1.8 Mc/s. As this frequency was below three- 
quarters of the critical frequency, llie true height was practically the same 
as the equivalent licighl. The hourly means for the whole peiiod of obser- 
vations were plotted and ,a smooth curve was diawn through Ihcm.^ Th® 
departures of the individual readings from this curve were then tabulated 
and subjected to harmonic analysis, uhich yielded the components of the 
lunar variations. The normal aeciiracy of iiieasiiremeiil, which was made 
every quarter of au hour, was o 5 km Though the amplitude of the varia- 
tion was comparable with the error ot each mcasureincnt, a strongly maiked 
and stalistically reliable semi-diuinal variation v\as revealed- This could 
be expressed in the form u 93 sin + km., where /' is the lunar hour 
angle. The m ixiniuiu is therefore attained aliont 4 hour before the lunar 
transit Fig. i. shows the semi-diurnal variation of the height of the E-layer 


1200 



Harmonic dial illustrating lunar scuii-diuiiial oscillation of Reg'on E 


on the harmonic dial. It will be noticed chat the points are closely grouped, 
so that the probable error circle does not enclose the centre of the dial 
this shows that the result obtained is slatislically significant. Further, they 
lie uot far from the point S, which was derived from au independent senes 
of lu’dday values. 

(11) E-fayer.— Table I shows the amplitudes and phases of lunar semi- 
diurnal variations of regiou E characteristics observed in three different 
places. It w ill bs seen from the table that at the same place of observation, 
3— I73SP— 9 



the hours at which ftE and /“K attain their maximum values are about 

the^arne.*^ 

Tie mean phase appears to have a strong latitude elTect. It will be seen 
that while the minimum oecurs at Canbena ( 35 “S) nearly 5 hours a//er 
lunar tijiisit, it orcurs nearly one hour bejore lunar transit at Slough 
( 5 i®N). This result will be discussed in sec. d(iv;. 

TABte II 

I^unar ionospheric tides — Region Fi 


(Semi-diurnal) 



h'Ei variation 

/*Ej varititionj 


' Station 

Amp'.Ttude 

(km.) 

rha''e of the 
niaximuin 
fLui.ai honrs 
alter tiansit) 

Amplitude 

ipur 

leutiim) 

Phase of the \ 
maxi mil ni ' 
fliiDfir Iv nrs 
after tr.msii) 

Remark-J 

CANBERRA 






f 3 S- 3 ‘S. mq'E; 

T 0.S5 

J S 3 

J 0.14 

J 1 1-0 

Average of tt 
vc.'irs' data 


E o.<'/| 

E 70 

E 0 ,6 1 

7*3 


0 1.13 

V6 t 

D<..1 

D 6.8 

(Mait: u) 


Mean, o.^3 

Mean: 6.r 

Mean 0 16 

Mean; 7.5 


HUANCAYO 






( 12 ' S, 75 30' W) 

0 23 

7.2 



Ten vears' 
data (Muityji/ 

WASHINGTON 






( 39 .o‘N ,77 5 -W/ 

0 7 

6.4 



7 tn'inlhs 
data tMarhii) 

WATIIIiROO 






(30 5”S, ii5.9''E' 

1-3 

5 >o 



2T Tuontlis’ 

cla<a :l\lQrl\ii) 


J — Noi them solstice months, E - luiuitiox ni mtlis and D - S mihLm bolslice iiumlhs. 


(iii) Fi layer . — Lunar tidal variations cf the heights and ionization 
densities of the F, layer have alho been deteimined. The amplitudes aic of 
the same order of magnitude as those of the E layer. Tiie maximum of 
these variations occur 6 hours after lunar transit, approximately as fvr 
Region li. 

Table II shows the amplitudes and phases of the semi-dluiuai lunar 
tidal variations of h'Fiand/°Fi as observed at Canberra, Watheroo and 
Washington. 

* It fihoiild be noted, hoivever, that according to Martyn ^private communication ta 
Professor S, K, Mitra) the smail lunar variation in /‘E cannot yet be considered os reliabb 
determined. 
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Taile III 

Lunar ionospheric tides— Region 


(icmi-dmrnal) 



b'l'j variiitit'ii 

bnnxFj ' a* iali ji 

/’P'ii vaiiali'in 


Staliuii 

Oi 

•c: 

9 . 

."Si 5 
"r iS 

C “ 

< 

'0 P n 

5 ^ 

V ^ ^ 

^ S? 5 
S-r 

lii 
1 1 

5 •=! 

03 C Ui 

2 

s 

a. B- 

dj P 

-j 

5 

< a. 

:: E w 

p jp 

c S u 

j= 5 i 
fp c-5 

Remark!* 

CANETXRRA j 

HUAKCAYO 

1.6 

5.6 

*•7 

S-7 ' 


9-5 

Average of 4 
jeiirs' data 

tl\lan>n). 

(la-S. 75.3"W) 

■n’ASniKCTON 

2-3 

9-2 

5.2 

£■1 

1-7 

4.3 

Average of 3 
)c.ir!’ data 

vJMartyu). 

(3:*o*n. 77 . 5 °^’' 

EurenpAD 

3 I 

6.0 



1.4 

98 

Average of 4 
>iars' data 

(hinkard). 

f^r-s'N, 5 . 5 ‘Wj 

WATHPROO 





I 3 

7f'> 

Average of 4 
; rats’ data 

lAJaj u\ 

< 30 * 8 , ii6’H) 

♦CALCUTTA 1 

2.0 

6.9 

2-3 

4-5 

1 3 

JO 4 

Average of 6 
^ tars’ data 

( 22 . 6 ‘N, gs. 4 “i:» 

OTTAWA 



2.0 

4 0 

0.5 

6.0 

Averag'.- of 3 
■\nrs' dalsi 

'linraP. 

(45-5“N. 75.8“VVI 

0.6 

3-2 




u 4 

Average of 3 
j ears data 

.^Iart^ n). 


"•Uiipublihlied. 


It be noticed from the table that t]ic phase of h'Fj, according 

to obscivalions of Alarlyn, does not show any regular variation niili latitude. 

(ii) Fa-Zflyer. — For this region the liniar tidal vaiiaticns arc much 
more well-marked than tho?c lor regions li and Fj. Analysis of only 3-4 
yeois of ionospheric data is sufCcRnt to reveal tJic semi-diurnal lunar tidal 
haimonic. The oscillations of and P are approximately in phase 
Qiiadratuie. (This may be compared with the case of region F or Fj where 
these cscillatioDS are nearly in phase.) 
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A close analysis of the tidal effects -in region Fa also reveals another 
type of tidal variation which can be described as the, Itini-solar variation. 
It has been found (^Martyu, 194 76) that the harmonic coefficients of the 
lunar variatu ns sometimes depend markedly od solar time. 


Table HI shows the lunar tidal variations of the characteristics of 


region F3, as 


'deduced from' the recorded data at a number of stations. 


S O L A R T I D A I, E F F E C T S 

(i) Regions E and Fi . — Solar tidal variations for the K dnd F, regions 
have not yet been proiierly derived. As nieiitioned earlier, they are cifficult 
to isolate, being superposed on the iiuich larger scnii-diiir|iial harmonic 
of the solar ionization effect, Fuithcr, the amplitudes of the Ivariations are 
small, being of the .«ainc order as the lunar tiilul variations. \Nevcithelcss, 
close examination of the E and Fi records reveals certain features in their 
semi-diurnal variations which, according to Martyn, are ascnoable to tidal 
effects. 

The ionization variations of the E and F, rcgibns are known to be 
regular, as required by Chapmau’s formula. Nmnx varies nearly as (cos 
and /iirittji as log' see where ^ is the zenith angle of the sun. (11 may 
be noted that ' actual available data are nornialiy kcalcd values for h', the 
■minimum equivalent height, rather than //mns. Eut^ for the juirpose of 
assessing the diurual variation oi hmux one may lake monthly scaled values 
of h'.) It tlius follov^^., that the Chai)man variations of E and hi are 
'Symmetrical about midday. Hxaiilinalion of records show, however, that 
in practice lliere are significant departures iiom this ideal Chapman varia- 
tion — which cannot be clue to otscivational criors but which, according to 
Maityn, can be well explained as due to tidal effects. 

Martyn ha& examined the h' records of Wash.nglon (14 years) and 
Huancayo (ii years). It is found that llieic arc significant deviations ol h 
fjom Chapman variation for region Fi, amounting to H: 4 kins, huithcr, 
at Huancayo, the deviations from the Chapman curv'c aie in an upward 
direction in the morning for ali seasons. Corresponding to tins, in the 
Washington curves there is a deviation in 4lie downward dircct'Cn. Ihesc 
features arc common to both E and I^'j variations, llic origin of these 
variations, according to the elcctrodynaniical llicory of Martjn will be dis- 
cussed in sec. d(iv). ^ 

(it) Region F3. — A simple evidence of the solar tidal motion in region F3 
is obtained from a study of the times at which h' (or /imus.) for this region 
reaches maximum value in course of its diurnal variajljom Mariyn 
has drawn the diurnal variation of both /rFa and /linnitEa for Mount Sliomlo 
(Canberra) averaged over 4 years (1941*44) ■ Similar curves have also been 
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for Calcutta. D.Ihi e.d Chunking In Fig. * „e giv^n cnrvfe, 
dalmeatmg^ aiurnal va.ialionof fcn..,F, for CalcnJta and Delhi, and I.'F, 
for Chuijking averaged over 3 years 1 . 1946 - 48 ). Two. maxima ar.e clearly 
seen, one at about midday and the other at about midnight. The midday 
maximum m,glU be exiilaiued as a heating eCfect, bnt, it would be difficult to 



340 

33d 

320 
310 ‘ I 
300 J 
290 C 
280 
270 
260 
250 


. Averajrc dinrnnl Jit-iglji vtiriat'cii /oi Fjj f.ir Calcnlta, Dcllii .aiid_ ClJiiiiKin^^^ 

19.16-48 iijcliusive (hnuix r2 for CJhutt.i ajul IVlIii, li' I'j foi ChiUiknig) 


alinbnlc tht* niitlin'i’lit iiiaxnmiin to hucli a oansc,. (3ii ibc abbVijnptKin'of a: 
tidal inotioi] uf 12 licnirly periodicity both the tn'idday and midnight maxima 
are exijlaiiicd. 

Monthly ineaii hoiiily values of /I'h'o tor a| period, of j 00 month's CApril, I 
5 937 — August, 1945 ) tt)i' Mount Stromlo have also been closely exaiiiined 
(Table IV'). An average pciiodicily of almost exactly 12 liours in the occur- 
rence of iiiaximj over iuo iiioilths i.s found. Similar observalions made at 
Calcutta over 36 months; showed spnilar periodicity.' An interesting point 
may be noted 111 the Fig 3 , Fach miaximiim shows a seasonal swing, the 
maximum occuriing aiioull one hour Ikforc midd'gy (and midnight) in summer 
aucl one hour after midday land n)iduiglit)j’n wiiitcn 'Hie fact that in th:^ 
swing of the maxima fioiii summer to wuntev a constant time-dlffcreiKie of 
12 hours is preserved, supijorts the hypothesis that the vaiiatioris observed are 
due to tidal cfl'cels. . I 

:’t)olar tidal effects in the variation of'’N"'% for I^egion Fo huv? also, 
observed (Table IV). This effect, hohever, is gqncrally masked by the large 
variation due to the ionizing action of the ultraviolet solar radiation. To 
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observe the effect of this tidal motion it is therefore advisable to compare 
the diurnal variation of Nman at two or m^re latitudes for which the ionizing 
term (which is inoportioiial to cosSx) varies little but for winch the tidal 
term varies markedly. This has been done by Marfyn, the three stations 
chosen for the purpose being Cape York Brisbane (aS^S) and Canbeira 

A.C-T. (35“S) (a!l situated near longitude 140®!:). Similar aiia'ysis has 
been made with records of Calcutta (22 s'^N), Chunking (29 4“N; and Delhi 
(eS.d^N), Tu Fig. 4 curve I depicts clilTerences between con espouding mean 
hourly values of /'"F2 at Calcutta and Chunking. Curve IJ depicts the same 
qnaiitily for Calcutta and Delhi. The curves clearly show that there is a 
semi-diurnal variation in for pairs of stations. 


Table IV 

Solar ionospheric tides — Region Fa 
(Semi-diurnal) 



hinoiUa variation 

/' F3 vaTialioii 


StalioD 

Amplitude 

(kra) 

Time of 
niRxiniitiii 
fcfter 
mnln'ght 
(solar hours) 

Amplitude 

(Mc/s) 

li’n e of 
maximum 
n(tei 

niidtnght 
(solar hours) 

Remark 

MOT’NT STnOMLO 

(3i.3'S. 149’I!) 

.1 15 -9 

E 15.4 

D i‘.4 
Mean : 15.9 

J 12..S 

I! J1.6 

11.5 

ISlean: 11.9 



Average rf 4 rears* 
dal.i (Mui1}n) 

HUAKCAYO 

(la’S, 75.3"W) 

50 


1*3 


.Average rf 3 yrars’ 
data (3J<iitwO 

CALCUTTA 
(23.5"N. 88.5*E) 

1^.6 

12.5 

J 0.65 

E 1. 10 

D 1. 13 
Mean: +^.06 

J IC.5 

U iJ,5 

D 1 <.5 
Mean ; 11.8 

Average d 3 yrnis’ 
data (A.P. Milra) 

1 

LELHT 

(36.5*N, 77 -i'’E) , 

12*36 

13 0 

J 0.45 

n n.7s 

Mean : 0 60 


1 

Averree of ^ venrs' 
data '(A.P. Milra) 

CHUNKINr, 

(29.4''N, jo6<6*E) - 

33-47 

13*0 

J 0.^7 

I) 0.74 
Mean : 0 do 


Aver.nge of 3 r cars' 
data IA,P. Milra) 
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Fig. 3 

Seasonal variation cf the. average time of occurence of maxiinum hm^x Fa at Calcutta, 
19.46-48 uichisiu". 



Fig. 4 

Diffore-ice bK>v«n .ver»ge dfurnaUariatio.i of /’ at Culrutta. Delhi and Chuukiog. 

Curve I, Cilcultu-Cliunking, Curve 11, Cuicnlta- Delhi. 

EI<ECTRODYNASf ICAf. THEORY AND ITS 
A F P L 1 c ri D N s 

(i) Mroduction-Verlual ionic dnjt vciocily.-'Wc notv procssd to 
discuss after the eleclrodynamkal theory of Marcyn tli^e li a e ec s.id e 
ionosiiljenc Teg ions. Tlie main facts ol the theory ar- 0 o\ 3 
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The air n^ovcnients as caused by the atmospheric tides are maini^f hori- 
zontal, and, in absence of a magnetic field, this motion sweeps the ions 
along with thein\ in a horizontal direction* The presence of ihe terrestrial 
magnetic field, however, profoundly modifies the ionic movements. _Iu Fig. 5 



Diagram of the r;gliLliaiid axes system used in deductiiin uf comp il^cnts of ioiiio 
motion. 


AB is the direction of horizoiFal velocity and OA that of the terrestrial 
magnetic field. T/l lies in the magnetic meridian. Now, the motion of ions 
along with the wind may be assumed to be due to the action of an average 
force Fo developed by the tid'd motion of the air. Tins force has compo- 
nenti F|i along the magnetic field and Fj. transverse to it. Let the s-axis 
be along the direction of H, the .v-axis along that oi F±, and let ilie y-axis 
be so chosen that a;, y, 2 form a right-handed co-ordinate system. Fn will 


p 

then produce along 2 an acceleration —1', as if the magnetic field is absent. 

in 

F± will, however, produce neither acceleration nor any mean velocity in ds 
own direction (.v), but will iinpnrt a mean velocity or ' drift ’ to the charged 
particles in a direction at right angles to both F± and to the magnetic field 

p 

(2-axis). This acceleration along y is of amount y and is independent of 

ell 


the mass of the ijarticle. 

In our case, the free charge forms part of a gas and there will be colli- 
sions (v per sec.) with other particles. These collisions will alter, to some 
extent, the average velocities along the x, y, a-axes. Along 2 the accelerated 
motion is constantly nullified by tliese collisions and the force Fyi merely 
‘ F 

produces a mean velocity — instead of an accelerated motion along this 
mv 


direction. Along y the flow of charge is no longer zero, but 


V- + W' 


And, along y the flow is- ■ 
eH 


V* -I- U}^ 




times the velocity that 
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would have existed iu the absence of these collisions, Now, the force Fo 
itself is given by Fo=®»nx'Co, where Cq is the horizontal air velocity Then the 
ionic velocities along the x, y, z axes are given by 

Fj. 

niv ‘v'^ + 0j2 1/2 + ’ 


‘ I h± *•**'* i'*** 

^ eH v'^+T,;*' 

2'=Cll. 

where Cj i and cj. arc coinponeutsof c along z and x respectively, and iu = He tn. 
It is seen that the ionic velocities along x and 2 are independent of the 
ionic sign- Both have vertical components. When i'<<ra), as in the F.^ 
region, the x velocity is negligible, and the vertical ionic velocity (ui) is very 
nearly equal to Cu sin I, where 1 is the magnetic dip. i>i i.s thus very neatly 
equal to the vertical component of the air velocity along the magnetic held. 

The ionic velocity along OY depends on the ionic sign. Ions of opposite 
sign will move in opposite directions giving ri-se to an electric current and 
thus possibly to a polarization of the medium 'Vhe component of any resul- 
ting polarisation field perpendicular to the magnetic field (Fj.) will produce 
ionic drift. In particular, vertical ionic drift will be produced by the com- 
ponent EjJ of Fx lyiug 11^ Ihc horizontal plane containing H. The magnitude 
of this vertical ionic drift (vq) is, as shown by Marlyn, 


r 2 - 


H 


v'^ -I- 


cos i 


Further, the sense of this drift is opposite to that of the previous one. 

At any latitude the total vertical ionic drift (v) is thus the sum of the 
two drift velocities : v — being due to the vertical component of 

tlie air motion along the magnetic field and V2 due to polarization caused by 
motion of the ions across the magnetic field. 

Now' V[ and Vo, as is easily seen, vary stiongly with latitude In middle 
latitudes the air velocity along the magnetic field has a large vertical com- 
ponent and Vi has a maximum. In low latitudes, on the other hand, the 
magnetic field is nearly horizontal. The value of v, is, therefore, small. 
(')n the other hand, has its maximum at the magnetic equatoi, where cos I 
is greatest. Both and v 2 tend to zero at the poles, the former becanse 

a horizontal wind has no component along the (verl.caP magnetic field, and 

the latter because 1 = 90 ^ ,, 

Thus at all places, save the poles, there are vertical ionic drifts, though 
for causes distinctly different in high and low latitudes, And, since v, and v, 

are opposite in sign, the vertical drift in high latitudes will be >» ^e 

direction to that in low latitudes. The leversal of phase J 

intermediate latitude where r, and n. are numerically equal. Tins latitude 

is found to be about 35’'- 
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Another, and formally identical way of looking at the above results is to 
concentrate attention on the two electric fields — the dynamo field,” and 
the polarisation field already described. We may combine these two fields 
and find the vertical drift due to the combination. This is exactly equivalent 
to combining Vi and and is a very useful concept in practice. For 
example, from the world-wide current circuits associated with the magnetic 
variations the I distribution of electric fields in the responsible ionospheric 
region is known at any time. Hence the vertical drift distribution is also 
knov\n. The change of phase of the vertical diift already mentioned to 
occur at about latitude 35° is identical with the change of phase of the east- 
west current which occurs at the current foci in this latitude 

Now, the drift velocity, in general, may be expected to change with height. 
Due to the resulting velocity gradient the ionic concentratipn at a given 
point will change with time. Taking this ” hydrodynainictil continuity 
equation ” factor into account, the equation for oiV/ot now becomes 

P = \ - (l) 

Qt OZ \ 


where I — rate of ion production per cm*, 

a — effective co-efl 5 cieut of recombination 

z — the reduced height ihiHo where h is measured fiom the datum 
level ; Ho scale height) 

V — the veitical ionic velocity measured positively downwards, 


Let us consider the relative importance of this new term — (A/ v)* 


Foi 


the U and F, regions the effect of the new term is expected to be small, 
This is because both I and « are much larger in these regions than in region 
Fa- Fuither, in the regions occupied by U and F,, the vertical gradient of 
V may be small. In region Fa, however, v may be expected to fall rapidly 
with height due to damping of a type similar to that which operates in 
Arago's disc (inductive drag). Hence in this region the third term might be 
expected to pre|Jonderate over the first two. We may expect = 'Wue'’'*, 
where 7 is a positive constant of the order unity and the height is measured 
in scale height. Now, as N may also be supposed to vary exponentially with 
height the magnitude of the third term will be that of Nv if v is measured in 
units of Hq. The ratio of the order of magnitude of the new term and the 
recombination teim is thus r/«N. Substituting typical values of « and N. 
it is found that the new term becomes important if v is of the order 
or 400 cm/ sec. It is to be noted that the wind velocity associated with the 
solar tide at ionospheric levels is likely, on theoretical grounds, to be several 
hundred times that near ground level (which is 30 cm/sec.). 

(a) Characteristics of the diift velocity . — Marlyn has made furthci 
detailed study of the drift velocity regarding its variation of phase atul 
amplitude with the latitude, the hour of the day and the season of the year. 
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The characteristics of the vertical iouic drift velocity as obtained by him may 
be summarised thus : 

(1) The magnitude of the drift velocity is of the same order as that of 
the horizontal tidal motion, being in the average about 300 cin/sec. in 
region Fn- 

(2) The diitt velocity is periodic in time with several liarnionics. The 
most iir.poitant of these is the semi-diurnal. In region Fj this has important 
seasonal vaiialioii. 

(3) The drift velocity v may vary with height both in amplitude and in 
phase. Also, in region F, the drift velocity decreases with height, as already 
explained, and may be expressed as 

V = i>ue"'^‘'sin (luf + o-z;). 

^4) The drift motion in latitudes above and below 35° are in opposite 
phases for the K region. 

(5) The anipli'ude of the drift velocity -a vanes with latitude for both 
semidiurnal hai monies (seasonal and iiou-seasonal). The latitudinal distri- 
bution may be assumed as shown in Fig. 6. 



Latitude distiibuticn of vertical drift velfidiy (ailiilrary units) 

Curve I, stmidiuruaJ, cur^c II, seasonal. 

(6) In the Taylor Ptkens theory, as exemplified by Wcekes and Wilkes 
(1947), the phase of the tidal air motion may vary greatly at different heights. 
According to Marlyn, the phase of vertical drift in the F, region is as shown 
in Table V. 
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TJbe arrow followed by the numbei is used to indicate the hour at which the., 
drift has its iiiaxin*um upwards t and maximum downward^ ^ Velocity. 

. (7) In region F* there is a strong seasonal harmonic. Thus account 

must be taken of iwo semi-diurnal drifts, one of which is constant in amplitude 
at a given place throughout the year, while the other changes phase com- 
pletely from summer to winter, According , to Martyn, the first of the.se 
harmonics has the phase shown in Table VI 
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The second, or seasonal harmonic, has the phases given in Table ^VH. 
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At a given location the phase and amplitude of the resultant of these two 
semi-diurnal harmonics are obtained by combining the latlei in llie proportion*' 
appropiiatc to Ihc latitude, as given by (5) above 

iiii) F.fjccis oj a rcitical duft on a Chapman legton. — L,elusno\v considei 
an initial Chapman distribution of ionization I-,ct the ionizing radiation 
be absent (night lime condition) and let the effective lecombination cocfficieiit 
a be small (F^ region condition) We consider how the electron density 
distribution will change with height and with time, if there is a vertical diift 
of the ions caused by the tidal action. 

The initial Chapman distribution is given by 


N„ w„ exp i (i -z-seexe (2^ 

Since only the effect of the veitical drift is piesent, the equation for N is 
simply the hydrodynamical " continuity equation " 


Putting X = Xo," 
obtain 


dN 

di 



(3) 


(vide iupra) and using (2) and (3) and integrating 


PJ = exp (-i 






where 
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V - (i +ruo 

A maximum in N. occurs at the height z«, given by 


sec -- n±J 

y 'U 


'} 2y = f) 


T'he effect of the vertical drift velocity on the Chapman region may now be 
deduced from the above relation. They may be summarised qualitatively 
as follovv'S : 


(1) The region moves in the direction of the ionic drift— upwards when 
the drift is up\\ards and downwards when the drift is downwards 

There is exception to this rule only when the aniplilndes or the phases 
of the drift velocity change very rapidly with height. 

(The above lule, of eonrse, applies only when a aneWr, are negligible , 

otherwise, the velocity of movenient of the region may lead the drift velocity 
by 2 or 3 hours.) 

An interesting case arises w^hen in a Chapman region the gradient of 
the drift velocity is steep in the top poition of the region but is small in 
the bottom portion. In such case, the top part of Chapman region is subject 
to the exceptional case of rule (r) If there is appreciable drift, the top 
portion of the region moves upwards stiongly no matter in what direction 
the drift flows — downwards or upwards The bottom poition also moves, 
upwards for upwards drift velocity and dowmwaicls foi dowuidards drift 
velocity, but this motion is small compared to the u])ward motion of the 
lop part. As a result of this drift motion the original single Chapman 
region is bifurcated into two ionized regions However, if the drift 
velocity is small then the separation lakes place only if the drift velocity 
is downwards This is because for small drift motion the top region 
iy largel moves oppositely to the drift, while the lower region (y small) 
moves with the drift. 'I'hiis under the influence of upward drift both regions 
merge together. 

(2) No U-e the niaxiinura ion density of the undisturbed Chapman 
region) decreases when the drift velocity is downward and increases when 
it is upwards. The variation in Nmax the maximum ion density 
which results from the action of the drift) is proportional to the height 
gradient of v. 

(iv) Jnterpretaiion of the ionospheric tidal effects.' — Regions R and 
Fi . — For these two regions Equ. (i) must be solved with all the three terms 
in the right hand. The solution is necessarily complicated, but has been 
made by Kirkpatrick (194S), taking the following numerical values of the 
parameters: 
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<7 s=4®,<x“io''* cm^/sec, w«3o"/ftT. 

Vo — 22,5 Km/hr, Nm=i.5 x lo’/cm®. 

These are sufficiently representative of conditions in region H at the 
equator during the eqninoxial periods. 

According to Kirkpatrick’s calculations, the departure from Chapman 
value for region E is ± 2 percent for Xmnx, and 2.5 km. {'ir f)h'. This 
may be compared with ± 4 km., the observed deviation in h' for region 
as mentioned earb'er. The value is somewhat higher than the calculated 
value of ± 2 km, but it is to be remembered that in region F, the recom- 
bination rate is lower than in region E. 

The reversal in the sense of the deviation from the Chapman curve as 
one passes from’ Watlicroo to Washington is explained by the fact that 
the current focus passes along a latitude between Washington and equator. 
Indeed, this latter fact may be adduced as a strong argument in favour 
of the interpretation of the observed h'F, anomalies as due to vertical 
drift associated with the "dynamo” electric forces produced by^the solar 
tide. It also follows from this interpretation that the currents in region 
F, are very nearly in phase with currents caused by the solar diurnal 
magnetic variation. 

The electiodynamical theory also explains the observed difference in 
phase in the lunar tidal variations of h'U between high and low latitudes. 
As W'ill be noticed fioiu Table I at Slough (high latitude) the maximum 
value of /i^E is reached | hour before the lunar transit and at Canbeira 
and Brisbane (low latitude) this is reached 5 i and 4.5 lunar hoi:rs 
respectively after lunar transit. This is due simply to the change in phJAse 
of the vertical drift velocity (as explained in Sec. d (i) ) as one passes from 
low latitude to high latitude. 

Region F . — As explained earlier, for region Fa the first and second 
terms in the right of Eqn. (i) arc relatively unimportant. This is also 
corroborated by observations during solar eclipses. During ecli]>S(', Nmat 
in region F3, unlike that in region E and Fj, is jmactically unaffected, 
though I has decreased considerably. This shows that both the rate ol 
ion production term and the recombination term have small values. The 
F‘i region may thus be assumed, to a first appoximalion, to behave as a 
Chapman region which is being acted upon mainly by veitical ionic drift 
This case has been discussed in Sec.d (ii»), where it has been shown that 
the variation caused by the drift in such a region bears little or no 
resemblance to the Chapman variation. In fact, the observed diuinal 
and seasonal variations of Ntmn^ and /iin»s aie profoundly influenced by the 
effects of the periodic variations of the drift velocity. 

Let us consider the case of Fa ionization for a typical high latitude 
station. Here, in summer the daytime value of Nmas is low but the 
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corresponding value of hmax is high. There is also marked aflernooii 
incieuse in ionization. In winter the daytime value of Amsi is large and 
femai increase'* from morning to noon. These effects are explained by the 
electrodynamical llieoiy as follows; From Tables VI and VIT it is seen that in 
summer, in the moining hours the diift velocity is downwards, the seasonal 
harmonic being somew'bat laiger than the other (Fig. 6). For such condi- 
tion the overall Nmax is reduced considerably below the Chai)n)an value 
and /ima* lises. (The lelevani important cause of reduced AT., ax is the 
idovv of electrons downward to regions of coiiiparatively high recombination 
coefficient, where a large number of electrons are lost). In the afternoon, 
the drift is upwards. Tins prestives the iomzatioii and leads to increased 
concentratjou in the early evening as observed. In winter the phase of 
the tidal drift, as seen from Table VI 1, is upwards from 6 hours. lYmai 
appro'iiinites to, or may even rise above, the Chapman value, but /imux 
rises liUie. 

For a low latitude station in summer the average A'm.ix is slightly higher 
thau the winter value. Also hmax rises steadily in ihe morning both in 
summer and in winter. At some stations there is a night inaximuin in 
Nmax in Slimmer. Fiom Table VI we notice that in suninier v is directed 
upwards in the moiiung boms. The general level of Nmas is maintained 
near the Clmpinain value, with some increase in height. From 12 to i8 
hours the diift is downwards and iVinax and h.i, ax fall From 18 to 2^ hours 
there may occur a further couceulration leading to abnormally high Nmax. 
After midnight the ionization may decrease markedly till dawn 

In winter, at low latitudes, the drift is downwards lu the morning, 
and low average values of ionization might be expected, as for the corres- 
ponding case in bigli latitudes. This does not happen. It is recalled 
that in winter there is a phase reversal someli were between the and Fa 
layers (conipaie Tables V and Vll). At the level of reversal, the amplitude 
of v must be smali. Thus during the morning hours before noon, the tidal 
diift, though downwards, has a small and decreasing amplitude. This is not 
so effective in removing the undersurface (and inaximiinij of the region as 
the corresponding drift in high latitudes in sinnitier, which sw^eeps downwards 
through botli regions uiichcLkcd. 

Martyn’s tidal tlieo-y also explains the bifurcation of the F-layer into 
two Separate layers Fi and F3 at daytime. The main facts of bifurcation 
are as follows: In summer the bifurcation is prominent in all latitudes. In 
Winter it is much less marked, being practically uou-exlsteut in high 
latitudes, and only little in low latitudes. As already explained, a single 
Chapman region may, under certain condition, be bifuicaled into two regions 
as a resuit of the drift velocity. This condition, namely, a steep velocity 
gradient in the upper part of the Chapman region (or a steep gradient of 
recombination coefficient, wh’ch has the same effect) obtains in the single 
F layer in the morning. The observed bifurcation may then be uuderstood 
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as follows: In summer, at low latitudes, the Fa region must move up and 
separate itself from Fjj at high latitudes bifurcation occurs for the reason 
mentioned in (iii supra). In winteti at low latitudes, the small downward 
drift soon after sunrise may cause a small bifurcation. At high latitudes, 
however, the small upward drift in winter tends to merge the regions 
together (iii supra). At these latitudes, instead of bifurcation, the whole 
F layer is slowly lifted from the sink without any separation between the 
two regions. 

From the brief account of the electrodynamical theory given above 
it is clear that the theory is a definite step forward in our understanding 
of tidal plienomena and anomalous variations in the ionosphere. The theroy, 
however, is still in the formative stage. Much more work, both observa- 
tional and theoretical, has to be done, to fill the many gaps thatj still exist. 
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ON THE STRUCTURE OF SODA CELLULOSE 
FROM RAW JUTE FIBRE* 

By N. N. SAHA and Mrs. UvSHA vSAHA 
(Recctvcd for Publicaiion, July 28, 1950) 

Plate XV 

JIBSTBACT. Raw jute fibres weiMrealed will] NaOlI solutions of different slrciigtlis 
and each of the products Unis obtained was washed sepaiatelj^ nuth absolute alcohol and 
water. These products were analysed by taking X-ray diffraction photographs as well as 
by chemical method It has been found in the present tuvesligation that the soda cellulose 
from jute fibre has the same structure for all the concentrations of the reacting NaOH 
soluticii up to about 4s7'o. 'I'he structure of this soda cellulose is different from that of 
soda cellulose I and soda cellulose If obtained from ramie by Hess and Trogus. Thus 
in the case of raw jute fibie ordy one type of soda cellulose is fntmed. 

It IS further shown that in the hydiated cellulose obtained from raw jute fibre there 
is hardly any li-ace of native cellulose. 

INTRODUCTION 

'The absorption of alkalies by cellulose fibre is one of the most irnporUint 
reactions of cellulose and has been the subject of investigation by various 
workers for a long time, but the mechanism of this reaction is still a disputed 
matter. In most of these investigations cotton and ramie fibres, containing 
about gS% of cellulose and small percentage of lignin, were used as the 
source of cellulose. 

The pi esence of lignin, as show'll by Sirkar and Saha, (1947) ai^d vSaha 
(1947 ^Rd 1948) in their invesligations w'ith raw jule fibre, has great influence 
on the final product obtained by inercerisalion, acetylation, nitration, etc. 
It IS, however, expected that the nature of reaction between caustic soda 
solution and jule fibres containing about 12 % ol lignin and its influence on 
rnerccrisation may be different from that observed in case of cotton and ramie. 

The nature of this reaction was investigated by (lladsLonc (1853) m the 
case of cotton by determining the aiiiouiit of caustic soda in the product 
obtained by treating cotton with NaOH solution of different strengths and 
washing the product with absolute alcohol. Similar investigations in the 
case of raw jute fibre had not been carried out by previous workers. 
Further, Hie X-ray examination of the products obtained after conti oiled 
washing with absolute alcohol of soda celluloscp^eparcd fiom jutefibre may reveal 
the structure of the product obtained with NaOH solution of different sti engths 

Comniuiiicateil b.v Pi'of. S C Sirk.ii 

5-3738P-y 
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aud the results may throw some light on the actual mechanism of the formation 
of soda cellulose and of inercerisation. With these objects in view the present 
investigation was undertaken. 


K X P K M p: N ‘r a I, 

(a) Ch cmical Ircatmcni 

Raw jule fibres, cut to small lengths, were boiled in water to make the 
fibres free from adhering impurities. These fibres, after being dried, were 
made into small bunches and weighed. The bunches were then treated 
with equal volumes of NaOH solutions of different concentrations for about 
ten minutes. Some of these biniclies after ticatment were thoiouglily washed 
with water and the rest with absolute alcohol until the wash-lijquid gave no 
test for alkali To determine the end of the washing operation Wesselow’s 
mixed indicator was used All the samples were then diied au (4 weighed. 

The amount of alkali taken up by the fibres was deteiminedl in the case 
of samples washed with absolute alcohol. These samples were dipped in 
measured quantities of vvatei over aud over again until the total alkali taken 
up by cellulose was brought into solution The end of this operation was 
also determined as before. The amount of NaOH in the resulting solution 
was then determined by lil ration, using Wesselow’s indicator which was 
found to be more sensitive than phenolphthaleiii used by earlier workers. 

{b) X-Hiy analysis of ihc pfoducis * 

X-ray diffraction patterns of the product obtained by treating raw jule 
fibre with 5%, 10%, 20%, 30% and 45% NaOH solnlions in a closed vessel, 
washing the treated fibres in absolute alcohol and drying them in air were 
then photographed. >Similar photographs due to {iroducts washed wilji watei 
were also taken in the same camera making all the strands [larallel and holding 
them taut during the exposure. The iihotographs were taken with a cainota 
having a very fine sht, using uufiltered CuK« radiation from a rotating- 
target 3 KW X-ray tube*". 

R vS U b T vS A N 1) D I vS C U S >S T O N 

The data for tlie amount of NaOH absorbed per 100 gin. of cellulose 
and moles of NaOH absorbed per base mole of cellulose fCnHioGj for 
different concentrations of NaOH solution are given in columns i and 2 
respectively in Table I, The results are represented graphically in ffig. i. 
The X-ray diffraction photographs of the samples washed with water as well 
as with absolute alcohol were analysed and the spaciugs of the fioi) and (002) 
planes obtained in these cases are given in columns IV and V of Table I 
Some of the photographs are reproduced in Plate XV. 

* The tube was constructed and set up by Mr. S. K. Chowdhury under the guidance 
of Prof. S, C. Birkar. 
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PLATE XV 




Fig. 2 Fig, 3 



Fig. 4 Fig. 5 


Fig. 2. Soda cellulo-ie, 30"-,. NaOH solution. 

Fig. 3 „ 45% „ 

Fig. 4. Hydrated cellulose trom raw jute. 
Fig. 5 Raw jute. 
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Table 1 
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• > Strength of NaUll in nomialitv 
Fir,. I 

It can be seen from Table 1 and the cur ve given in Fig. i that the 
absorption of caustic soda by cellulose 111 jute fibie increases steadily up to 
the strength of about 15% (3.53N) and over the range from 15% to about 
20% (5N) the absorption remains nearly constant Beyond this range iL 
increases very slowly as the conceulratiou of NaOH solution is increased. The 
break in the absorption curve at a couccutiatiou of about 15% indicates 
the formation of a compound. Calculation shows that in case of jute fibre 
a compound of molecular ratio (C,,Hui05)i NaOH is formed, whereas in case 
of cotton it was shown by Champeticr <1933) that compounds like (CJIioOila 
NaOHi and (CcHjqOJ NaOH, are formed, depending on the strength 
of the reacting alkali solution used. The reason for the formation of a 
compound containing lower proportions of XaOH in the case of jute fibre 
seems to be the presence of lignin which apparently impedes the penetration 

of NaOH solution into the micelles. 
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It is well known that the process of mercerisation with NaOH solution 
takes place in two steps in the case of cotton and ramie fibres. First, soda 
cellulose is formed The structure of this product known as soda cellulose T 
obtained with NaOH solutions of strength below 21% is different from that 
of the product (soda cellulose 11) obtained with more concentrated solutions 
as shown by Hess and Trogus (1930). vSecondly, on washing these soda 
celluloses with water, meicerised cellulose having a definite structures diffeient 
from that of soda cellulose is obtained. It can be seen from Table I that 
the soda cellulose obtained from raw jute fibre has the same structure for all 
concentiatioiis of the reacting NaOH solution up to 45%. The structure 
of s )da cellulose obtained from raw jute fibre is, however, found to be 
different from that of either soda cellulose I or soda cellulose II obtained by 
Hess and Trogus (1930) from cotton. The spacings observed in the two 
cases are given in Table tl. The spacings given in last coliimn of Table II 
are those obtained by calculating them from the pattern due to \ soda cellulose 
I reproduced by Hess and Tiogus. \ 

Tablk If ' 
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Spacing' in A Socl.i 

Spacings in A. Soda 
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cellulose fi (Jill raw 
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jute (Present author) 
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It thus appears from Tables I and Tl that in the case of raw jute fibre 
the presence of ligiim prevents the NaOH solution from penetrating complete- 
ly inside the micelles and forming compounds of type (Ci,Hio0.j3 NaOlI 
and consequently, the micelles are distended and distorted less than in the 
case of soda cellulose from cottoji. The spacing of (loi) plane in the lattei 
case is about one and half times that in the former case. The whole j)iocLSb 
of mei-cerisation of the.se fibres is thus the distortion of the micelles caused 
by penetration of NaOH inside the micelle and retention partially of the 
distorted structure even aftei washing away of the absorbed NaOH with 
water, and this mercerised jute has been calle4.1 hydrated cellulose from jute 
It was previously pointed out by ^irkar and Saha (1947) that ageing 
foi three months does not alter the structure of hydrated cellulose obtained 
by treating raw jute fibre with 30% of NaOH solution, washing the product 
111 water and drying it in air IMukherjee and Woods 0950) have, Iiowcver, 
recently reported that although conversion of jute fibre into soda-ccllnlosc 
is cent per cent, the hydrated cellulose obtained by washing the soda cellulose 
ill water and drying it in free air is not ciuitc stable, as part of it is reconverted 
into native cellulo.se. As ihis is contradictory to the fact reported by Sirkai 
and vSaha (1947) that the structure of hydrated cellulose obtained from jiUc 
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fibre is a stable one, the question has been reinvestigated. The intensity of 
the reflections from (loi) and (loi) planes of native cellulose has been taken 
as the measure of the proportion of the native cellulose piesenl m the hydrated 
cellulose for this purpose, because these spaclngs in native cellulose are (luite 
different fiom those in hydrated cellulose. 

In figure 4 of Plate XV the pattern due to hydrated cellulose fiuin jute 
fibre obtained with 30% NaOH solution is reproduced, and figure 5 shows 
the pattern due to raw jute fibre taken with the same camera It can be seen 
from a comparison of these Iwo figures that the lulciisity in the position of 
the (loi) and (loi) reflections from native cellulose in the pattern due to 
hydrated cellulose sliowu in figure 4 is negligible. Hence it has to be com 
eluded that if there is any reconversion of hydrated cellulose from jute fibre 
to native cellulose the propoitioii of such recon veision is negligible in com- 
parison with the stable portion. 

A C K N ( ) W I, F, D G M E N ' 1 ‘ S 
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A SPEED LIMIT FOR ROCKETS P 

Bv WILLJAM SQUIRE 

foi publicaiwUf July igso) 

ABSTRACT. Sjnie falacies in (hiJ argiimunU pul fmward in the paper " Plausible 
Speed Limit for Metallic Projectiles ’ by Dixit, aie pointed out 

111 a recent paper, Dixit (1949) attempts to prove that a powered metallic 
proicctile travelling in space cannot attain the velocity of escape from the 
earth’s gravitational field because : \ 

r. Radiation is insuflicjent to dr^sipate the heat geiicratedl by the power 
plant. \ 

2. Velocities greater than that of sound m the metal vvill adversely 
affect the structure of the metal. 

The first argument, although plausible, is incorrect because it does not 
consider that the original system consists ot the piojectile plus several times 
its mass of fuel. Most of the heat is carried off by the exhaust gas. This 
is clearly seen if a rocket motor with regenerative cooling (^ucrow, 1948), 
i.e., one where the fuel is heated to the boiling point by being used as a 
coolant, is considered. Except for the combustion chamber, no part of the 
projectile is exposed to the temperatures above the boiling point of the fuel. 
If the proiectile is initially at a higher temperature above the boiling poiiii 
of the fuel and the combustion chamber discarded at the end of combustion 
it is possible for the projectile to lose heat. Therefore the “efficiency ' 
criterion 

_ Kinetic en^gy im parted to pro jectile 
Kinetic energy + heat imparted to projectile 

could exceed unity, showing that it is not a suitable criterion. 

The second argument seems to contradict the special theory of relativity* 
If, as is claimed, “ At velocities greater thaji the sound velocity in a solid \^e 
can expect the characteristic frequencies, the Deliye characteristic teniperatuu 
and the melting point to be altered,” could not an observei in the rocket 
travelling in space at a uniform velocity determine his “ absolute ” velocity 
liy measuring these properties.'* 

CoRNiiu Auhonauxical Lauukatouy, Inc N Y. 
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A TIME BASE CIRCUIT FOR A HIGH PRECISION 
IONOSPHERIC SOUNDING APPARATUS 

By B. M. BANlfRJl'K and R ROY 

(Received for publication, /li/^ s-, 1950) 

Plates XVI A and B. 

ABSTRACT. The paper describes a high prcci.sion timeba‘'C cirniit designed sprei- 
ficallv for an ionospheric sounding apparaliis This tirne-basc circiiil produce.s a teii-liiu 
raster time-base on the face of the oscilloscope tube Kach line ol the raster takes ^ 
micro-seconds which corresponds to 50 kins of ionospheric height 'fhjs give.s a reading 
accuracy of about 1/4 km. The time base also provides for 15 kc/s positive and negative 
marker pips which mark off skin intervals It also provides for an iiilciisifying piil.se on 
the grid of the cathode ray tube over the 333 microseconds interval ennespoudiug lo any 
one of the ten lines selected out by an ingenious line-selector arrangement 


introduction 

The usual method of iiivesiigating Ihe ionosphere consists of sending a 
series of short pulses from a pulse Iransniiller, receiving tlie '‘rellectcd’' 
echoes from the ionospheric layers in a receiver, and displaying Ihem on an 
oscilloscope. The time base of llie oscilloscope piodiiees a sweep of llie 
cathode vay beam from left to right. The transmitted pulse and the 
ionosphere-echo produce momeiitaiy vertical displacements of the oscilloscope 
spot as the output of tlie receiver is connected to the vertical dcflecliiig plates 
of the oscilloscope. The sweep length between the transmitted pulse and 
the ionosphere echo represents the delay between the tran.sinitted 
and the reflected pulse which again represents the height ol the ionised 
layers. This delay or equivalent height may be calculated from the 
sweep length between the pulses aud the sweep velocity of the lime ba.se 
The sweep circuit is highly important in as much as the accuracy of these 
height measurements depends wholly on it. This paper describes a time base 
which gives an accuracy iimcli higher than hitherto obtainable 


* U T r' T1 PWI.MMSIDN 1 1) N 1' 11 !■' R R 

R U Q IT I R K M F, N T S D I' A H I II 1 R M ' > 

S()UND1N(« TIMF B A S I'T 

The ionised regions from which reflections arc obtained extend upto a 
height of 400 kilometers and the sounding apparatus should )e i LSi^nct s 
that it is capable of measuring a maximiim height of 500 k' 
height of 500 kins conesponds to a total lime delay of 3.3,? mi 
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single-line time base cannot usually measure times with an accuracy better 
than half per cent of 3.33 milliHeconds, i. c., 16 microseconds. This time 
corresponds to a height of 2.5 kms. 

Increased accuracy may be obtained by a rasler time base — one that gives 
a .succession of lines up and down over the tube face. The cathode ray beam 
in such a time base will move from left to right at a high speed, and after 
it goes 10 the extreme right hand position, jumps hack to the left within a short 
time and again moves from left to right. At the same time, as it moves 
from left to right, it also moves upwards at a slower rate so that when it jumps 
back after the completion of the first line, the spot does not come over the 
first position, but is .shifted slightly upwards. The second line is therefore 
separated from the first, and the third line from the second and so on. If 
there arc 11 lines in the raster, we get the length of the sweep virliially 
increa.sed n times, which means that the resolution is increased n nines. 

The object of this paper is to describe a time basa designed 
specifically to suit the requirements of ionospheric sounding. It p-oduces 
a raster of ten lines, each of 333 microseconds duration. Each line therefore 
corresponds to a height of 50 kilometers. Tims a total height of 500 
kilometers is scanned. After scanning 500 kilometers, the light spot moves 
out and remains steady outside the pallerii until the repetition period is over. 
The repetition frequency chosen for the present is 150 c.p.s., so the 
repetition time is 6.66 milliseconds The second rcflecUon from the Fa layer- 
will come at a time delay betw^een 3 3 and 6.6 milliseconds and will therefore 
appear at the steady position of the spot. It may be inspected at that 
position, if necessary The third and fourth reflection will come with a 
delay between 6.6 and 9.9 milliseconds and may cause confusion, superposing 
itself oil the next rasler. But it is presumed that its amplitude will by that 
time become .sufficiently small to make it indistinguishable, if necessary, 
the repetition frequency may be reduced to roo c.p.s. or 50 c. p. s. when 
the confusion with the higher order reflections will be avoided altogether. 
The high repetition frequency is chosen chiefly to compensate for the loss of 
brilliance of the oscillograph trace due to the fa.st sweeps. 

The ten line raster, on a double beam Jubc occupies practically the 
whole space on the face of the tube. The spacing betw^Gen the lines is 
therefore quite small As a result, if the pulse echoes arc big enough, they 
may cut tliiough the lines inakiiig it difficult to recognize as to which line 
they actually belong. To obviate this difficulty, a device has been iirovided 
by which any one of the desired lines may be selected and intensified. In 
this condition of operation, other lines are blanked out and the desired line is 
intensified by a positive pulse on the grid of the oscilloscope tube over the 
333 microseconds interval coveied by that Hue. 
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PLATE XVI A 



' ’np 150 c p &. sine* wave. Rottom— Positive spikes geneiated liom it 

,l> I lop— Output ot the cathode-coupled multivibrator Bottom— Sweep wdvefoim trom the bool-strap 

' ertical time base 

^ ' -"' iw tooth waveioim obtained with the aid ot vertical dcllection cods 
^ > ‘ i'ock-excited 5000 c p s. sinusoidal oscillations. 
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PLATE XV I 



(«) 


(h I 


( I’ ) Tunc base .sweeps. Tc)[) Horizontal Bottom— Vertical 

{f ) Action of line selector and inteubifier. Top — Sawtooth wave-loini ot the lioi izontal tune bill'll' 

Bottom — Line selector selects and intcnsilier gives the positive pulse at the filth line of the lii)ri:i"'f‘' 
tune base 

( fi J Single line selected and intensified Maikers on one beam of the C' R tube. 

( h ! 10 line raster time base witli markers on one beam oi the C R, tube 
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D E T A. l L S () E THE CIRCUIT 

The scheme for the time base may be understood from the block 
diagram given in Fig. i It starts with a sine wave oscillator (P'ic. 21 


^~\_j ■*' — ^ ^1 1 I 



300 VtJlt StabtizsfKiJi ffttemd. 



Rcpetilim frequency generator .50 c.p s ".iue-aaec oeci.lator, lim.tmg amplifie., 
>)pike generator, negative-'ipikC'Suppresisor. 

Fig. 3 


which generates a very pwe sine wave at 150 P- 
a aoovolt. 150 c- p. s. A. C. ta the high p tnode ( 6SL 
limiter grid through one-megohm senes resistance, le urn 
clips off this sine wave and fproduces an almost rectangmar wave at Us 
anode, about 3oo volts peak amplitude. This is app 'et lo i 5 P • 
I meghom differentiating or spike generator circuit. Ihe spikes are applied 
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to a high fi triode (SShy) cathode follower. This allows only the positive 
spikes to pass through. 'Ihe negative spikes cannot produce a voltage 
chang‘e greater than four or five volts 

The pobilive spikes of about 50 microseconds duration and 40 50 volts 
amplitude are applied to the trigger grid of a one-kick cathode-coupled 
multivibrator (Fig\3) which generates a 100 volt positive rectangular output 
pulse of 3.3 iiiiliiseconds diiralicii. A bSNj amplifier inverts this wave 
into a negative rectangular pulse of 180^200 volt^ peak amplitude and 3 3 
miilisecoiids duration. This cuts ofl tlu cuircnt in the CSN7 lime base 
geneiator (Fig 4). The current coming from the 300 volt stabilised supply, 
through the one megohm charging resistance charges the .005 mfd. time 
base condenser. The condenser voltage goes on increasing (linearly with 
lime. The cathode voltage of cathode follower 6SM7 also goes iu increasing 
wdlh lime. This voltage is reapplied to the other cud of the aue megohm 
charging resistance through the 2 mfd coupling condenser. Thel 6H6 diode 


H ft 500 yon siAnutd 



Triggered uiuUi vibrator and amplifier. 
Fig- 3 

30DK StahilM MilUitad 



Fig. 4 
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^■essnts a very high impechncc a-, its cathode voltage increabss above the 
H. 1, supp.y voltage, due to the application of the cathode follower output 



3 kc/s phockcJ osdllatoi 
FjG. 5 

to its cathode during the d argtug stroke. Asa result of this connection, 
in spite of t lie increase in voltage of the time base condenser, ihe voltage 
across the one-megohm charging resistance remains practically uinliiiiiiiished. 
and so also the charging current. Thus we get an almost linear rise of 
voltage with time. Tlie cathode follower 6V6 tube delivers the current 
necessary for tlie venical deflection coil The vertical sweep of 3 3 
milliseconds is therefore established. 

The iSo-voit, 3.3 milliseconds negative rectangnlai pulse from the 
amplifier aFo excites the 3(500 c. p s shocked oscillator (Fig. 5). The 
abrupt stopping of current in the 6SN7 excites an oscillation of 150 volts 
peak ainplilude in the cathode LC circuit I'liis 3000 c. p. s oscillation 
is the fretjuency or time standard of the whole time base- The small natural 
daminng 'Q = jo) ci this circuit is compeiisaled exactly by the right hand 
section of the 6.SN7 giving positive feed back coiitrolkd by the 10 kiln-ohm 
potentiometer. The natural damping of this shoeke-d oscillation is exactly 
compensated by adjustment of this potcnlioiiietcr, while viewing the .‘=hocked 
oscdlation on the oscilloseope. Ten couiplelc peiiods 01 3000 c. p. s. 
oscillation take place in 3 33 milliseconds 

The i5o-voIt peak 5000 c. p. s. oscillation is again applied through a 
o 2 megohm scries re.s;&tance to the 6^117 Hmiler giid ^Fig. 7). At its 
anode we get a 3000 c. p. s. rectangular wave of about 150 volts amplitiide. 
Tiie spike generator circuit applies positive and negative spikes of 40-50 
volts to the grid of the <5SJ7 spike amplifier (Fig. 6), normally biased to cut off. 
The positive spikes get through lliis amplifier as negative pulses of 56 So 
^o'tb amplitude and 7 microseconds duration This gets on to the grid of th6 

30UO c, p. s. boiizontal time base. 



3000 c p limiliug oniplilier 15 kc.S harmonii gci»t.rator, liiiiiU'i 
aiul IS ki^/s marker generator 

Kig. 7 

The first negative pulse discharges the 002 lufd, time base condenser 
from the voltage set by the clamping diode to a small value. When the 
discharge is complete, the condenser charges through the one-megoliin 
charging res'stance — fioin the 500 volts positive line. Tlie condenser voUagt 
rises exponentially until the second iiegalivc pulse again discharges it. 'I'lie 
ten pulses produce the ten discharges and following the discharge ten 
charging strokes. The exponential rise is amplified by the 6V6 ainpliliei 
The natuial curvature of the 6V6 characteristic compensates foi the 
exponential curvature .so that we get nra( 5 lically a linear sweej). After llic 
tenth pulse and tenth dischaige the condenser voltage rises and is clamped 
by conduction in the 6H6 diode, to its cathode voltage set to betweui 
50- 1 00 volts 

The positive and negative spikes from the 3000 c. p. s. spike genciatoi 
excite the 15 kc/s harmonic generator tuned by a 15 kc/s LC circuit whosj 
Q value is 30 (Fig 7). This is further amplified by the 15 kc/s tuuoJ 
amplifier feeding about 6o volts to the 15 kc/s limiter through a luo, 0 jo 
ohm series resistance. The 15 kc/s rectangular wave at the anode of th^ 
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6SH7 limiter are difforenlialed generating. 15 kc/s positive and 
spikes of 20 volts amplimae used as time markers. 


negative 



The difficult task of selecting out tlie desired line for intensification is 
allotted to the line selector (Fig 8j. It is a vSchmidt type tiigger circnii 
which liiggers at about 95 volts. To the input grid of this trigger circuit 
is applied— *(a) the 3 3 miUIsccoiid saw-toolli from the vertical time base ; (6) 
a small adjus'.ilfie fraction of the positive imlsc obtained at the discharge 
of the 3000 c. p. s. horizontal time base ; fr) a d c. bias obtained from the 
line selector potentiometer When this d c bias voltage is greater than 
95 volts, the trigger circuit remains triggered all the time-right fioin the 
beginning of the time base stroke As the d. c bias voltage is lowered, 
the circuit tiiggcrs at the stait of the sweep — the first line w hen this bias 
voltage is just a little lower tliau 95 volts If the d. c. bias is reduced 
further, the circuit tiiggcrs latci— wdien the voltage obtained from the 3.3 
millisecond saw tooth makes tlic sum of the d, c. bias and saw-tooth voltage 
approach 95 volts. Thus it triggers at the second line, third line and so 
foith as the d. c. bias is progessivcly reduced. The tenth line is obtained 
close to the zero setting ot the d c. potentiometer. The positive pulses 
that are obtained at the discharge of the horizontal t.'mc base strongly favour 
Irfggenng at this time. This takes place just betore the starling of each 
horizontal stroke. By a suitable adjustment of the amplitude of this positive 
pulse, triggering may be made to take place only at the start of the horizontal 
strokes and never in the middle or any other position. 

When the trigger circuit switches over, the voltage at the output 
electrode jumps to the II. T. line voltage from a lower value- This jump 
of voltage — about 40 volts, impresses a positive spike to the input grid of the 
iutensifier multivibrutur (Fig- 9), which delivers a 90-vohs positive 
intensifying rectangular wave to the cathc'de ray tube grid- The duration 
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300 Va/h Shbitised 



of this positive unblankiug rectangular pulse may be adjjjsled lo 333 
microseconds by the megohm variable grid resistance. 

CONCLUDING REMARKS 

The merits and drawbacks of the time base described in this paper 
may be judged best if this time base is compared with typical and represent 
tative tuning cireuils that have been developed for radar ranging in the 
last war. This arrangement allows for a precision which outinatchcs all 
radars excepting those meant for precision long-rzmge gunfire control, 
The possible reading error in this arraiigeiueiit is of the older of one in two 
thousand at niaximum range. This compares favourably with the best of 
gunfire control radars — sucli as the SCR-584. The we ik spot of the ci.'cuit 
described in this paper is the determination of the liming by an LC circuit 
in comparison with the highly stable crystal control liming of the SCR-s-S^. 
The cr3^stal control liming of the bCR-584 gives belter accuracy in absolute 
measnreirieuts. As regards compaiision of ranges, this circuit is as good as 
the SCR-5S4 circuit. When measurements are made in terms cf potcniiometer 
settings of delay multivibrators, the accuracy obtained cannot be superior 
to that obtained in the circuit described in this paper. 

It is not convenient or even practical to c. py the SCR-5^4 scheme in 
developing a time base for a high precision ionosphere sounding appjiatu?. 
Besides requiring two type J oscilloscopes, it will need a greater number of 
frequency dividing multivibrators to obtain the very low repetition fiequen- 
cies needed for the ionosphere apparatus.. The arrangement we have made 
satisfies the requirements of ionosrhere sounding more easily than a copy of 
any of the liming system developed for radar work. 

This paper is the first publication of the research activities in a scheme 
for developing improved ionospheric sounding apparatus entitled New 
^ Technique of Investigating the Ionosphere’'. 
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REVIEW 

iPWnoIples of a New Energy Mechanics.— By J. Mundelkei. Publisher ; 
Philosophical Library, New York* pp. viii + 73, price dollar 3.75 

The new mechanics starts essentially from the same basic relation as 
that of the special theory 01 relativity. The pustulate involved is that the 
quadratic expression + retains the same value in any other 

system tliat may be inovin{i with a constant velocity v relative to the initial 
one. X, y, z and t are the co-ordiniite variables of tlie four dimensional 
space-time continuum. In the special theory of relativity, c, the velocity of 
light, is an absolute constant and t is as much related to a frame of refer- 
ence as a', y and z Dr. Maiidclker, On the other hand, relaiust the same / 
in different frames (moving relatively to each other) but lielchanges c in 
such a way that the invariance of the above expression is preserved- His 
approach is a step back to the Newtonian idea of time as an imvaiying and 
inexorable entity ; but the product cf maintains the four-dimensional vector 
character. The kinetic energy formula of Dr. Mandelker which he styles 
as ” the hub of the new mechanics " takes the form 

According to this, the maximum kinetic energy which a particle can possess 
is In cosmic ray showers, high energy electrons throw olT a part ol 

their kinetic energy in tlie production of photons (Bieinsslrahluug) whicli 
in their turn create pairs. The kinetic energy transferred in each process i.s 
always greater than One wonders how such transfers or high energy 

would fit in within the frame work of the new iiiechanics. The new mecha- 
nics gives the same variation of mass with velocity as the theory of relativity 
aud it explains that the velocity of any particle can never exceed the velocity 
of light, 

The experimentally determined value of the velocity of light c would 
correspond to that frame of reference which is fixed to the earth avIiosl 
variation of velocity could be detected, in principle al least, from the 
measurements of the value of c on the earth. 

We feel that the jjoint of view of Dr. Mandelker is fascinating in llw 
novelty of ideas aud may set a new path of development in the theoiy of 
relativity if the fuller implications of his new mechanics and their fit to 
different physical phenomena are explained in details. 

D, lb 
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THE EARTH’S MAGNETISM AND ITS CHANGES* 

Hy 

Prok. S CHAPMAN 

1 N T UO DTT CTTo N 

1 first of all express my appreciation of the honour done me by 
your Society in inviting me to deliver the Ripon lyectures for 1949. ft is a 
great pleasure to me to visit India as a scientific guest of your government, to 
take part in the Indian Science Congress and other gatherings of Indian 
scientists, and to meet my fellow scientists in your Universities and research 
institutions, many of them already old friends by personal meetings abroad, 
or familiar by name through their distinguished contributions to knowledge. 

Among the subjects on which I have some competence to address you, it 
seems to me that the one 1 have chosen is especially appropriate for considera- 
tion by a general and scientific audience in India, and not least in this great 
city and port of Calcutta. The history of the growth of onr knowledge of the 
earth's magnetism has many links with the history and scientific endeavoms 
of India ; and the fact of the directive influence of this magnetism on the 
compass has been and is one of great iinpoitance in oceanic navigation, which 
has so profoundly influenced India's history in recent centuries, and on which 
the growth and prosperity of Calcutla so laigcly depend. Moreover, in 
recent years the work of the eminent physicists of this city has greatly 
enhanced our knowledge of solar and upper atmospheric phenomena that are 
closely associated with the changes in the earth’s magnetism 

EARLY HISTORY OF MAGNETIC S C I li: N C E 

The atti active properly of the lodeslone or natural magnet was known to 
the ancient Greeks ; they were aware that the lodeslone not only itself attracted 
iron, but could also impart its own altraclive power to iron, by stroking it, so 
that it too became magnetic For well over a inillenium this was the only 
magnetic knowledge of which we have reliable evidence. But in the twelfth 
century of the Christian era accounts were given, by Guy de Rrovence in 
France, and by Alexander Neckam in England, of the use of the magnetic 
compass by manners; this showed that, perhaps many decades before, the 
directive property of the magnet had been discovered that a magnetized rod 
or needle, if free to turn, will set itself along a particular direction, lying (in 
most places) approximately north and south aud that this property had been 
seized upon and practically applied for the benefit of seamen, to indicate to 

* Text of Ripou Professorship Lecture delivered m the Indian A.'.srn'iation for the 
Cultivation of Science, Calcutta, on 14 49 ®nd 15. i. 40 . 



ti S. Chapman 

them the direction upon the trackless ocean, under clouded skies* when the 
guidance of the heavenly bodies was denied to them. For a long time it was 
believed that the compass needle itself was controlled by the poles of the 
heavens, about which the celestial sphere appears daily to revolve. 

The thirteenth century supplied another great landmark in magnetic 
history — a famous letter by a French soldier-scientist, Petrus Peregrinus 
(Peter the Pilgrim), who in 1267 wrote, for the instruction of a neighboui, an 
account of his magnetic experiments. In some of these he used lodestones 
cut to the spherical form- He showed that every magnet has two poles, of 
which one seeks the north, and the other the south; and that whereas unlike 
poles attract, like poles repel each other — the first clear statement of magnetic 
repulsion, a property as potent as magnetic attraclion, though, so far as our 
records indicate, it had escaped the notice of the Greek natural Philosophers. 

For many centuries it was thought that the magnetic compass jKjinted 
truly to the geographical north (or south), but experience and\the growth of 
skill in measuremenl gradually led to the recognition that this is not so — in 
general, the compass deviates or declines from the geographical niWitliau. The 
angle between the northward meridian and the line from the south-seeking to 
the north-seeking pole of the needle is called the magnetic declinaiio^i (or, by 
mariners, the magnetic variation). Our earliest records of this discovery are 
not written records; they are marks made upon portable sundials used (in the 
fifteenth century and later) as time-keepers for travellers; these sundials, 
made notably at Nuremberg in Germany, were prowded with a small mag- 
netic compass to enable the dial to be set in the meridian plane; and when it 
became known to the dial-makers that the compass needle did not itself lie 
along the meridian, they indicated by a mark the direction along which the 
needle should lie, when ihc gnomon was correctly oriented — thus giving the 
magnetic declination at Nuremberg at the time. Gradually also it was found 
that the magnetic declination is not everywhere the same, so that tlie mariner 
01 land traveller, in order to infer the true north from the compass directmn, 
must know the magnelic declination of the locality in which he is. Map- 
makers began to mark the compass declination upon their charts, supplying 
another unwritten early record of knowledge of the magnetic direction. 

Enlightened mariners realised the need to measure the magnetic declina- 
tion along the main sea routes and at the chief ports, by making astronomical 
observations (when the state of the sky permitted) to determine the true north, 
and comparing it with their compasses. Prominent among such pioneers was 
the Portuguese navigator Joao de Castro, Viceroy of the Portuguese settle- 
ments in India; on a voyage from Portugal to India in 1538-1541, round the 
Cape of Good Hope and up the east coast of Africa onwards to India, he made 
a series of 43 measures of declination , constituting what may be regarded as 
the first major contribution to the magnetic survey of the globe. His results 
were recorded in the log of his voyage, which remained enshrined in the 
Portuguese naval archives foi centuries. Modern researchers have delved 
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into these archives and into those of the English* Spanish and Dutch Admiral- 
ties, to unearth their many treasures of early magnetic data, till then un- 
published and uiiremeiiibeied. These data piovcd, from iutercomparisoii of 
measures made by different mariners at about the same time and place, to be 
accurate to about one degree ; the early observers had the advantage, which 
was lost with the advent of steel shi[)s, that their wooden vessels did not 
disturb the natural magnetic field of the earth and the direction of the 
compass. 

T H R G R W T H OP MAGNETIC K N L) W h E D G E T N 
RECENT C R N T IT R I E 8 

The next great step in magnetic science was the discovery m 1576 of the 
magnetic dip, by Robert Norinad of London, a inakei of ships’ instruments. 
He found that a needle, perfectly balanced horizoiivally on its pivot before 
magnetization, did not remain horizontal when magnetized. On giving the 
needle freedom to turn in the vertical plane thiough the magnetic north (the 
compass direction), by resting it on a horizontal axle al right angles to this 
plane, he found that the north end of the needle pointed downward at an 
angle (called the magnetic dip) of 71“ to the horizontal. Fiom this obser- 
vation. he diew the conclusion that the control of the diicction of the compass 
is exerted by a “point respective” within the earth, and not by the pole of 
the heaven. 

In 1600 A.D. William Gilbeit of Colchester, physician to Queen 
Elizabeth, published his book de Magnets, one of the fiist great modern 
experiment treatises on physical science. It contained a wealth of new 
discoveries concerning electrostatics and magnetism, and an extensive 
critical survey of all available earlier literature on magnetism. But its 
outstanding feature is summed up m the pregnant sentence “ Magnus 
magnes ipse est globus teircstiis " — the terrestrial globe is itself a great 
magnet. Gilbert based this conclusion on experiments with tiny pivoted 
magnetic needles placed at various points on a spherical lode-stone — a model 
magnetic earth. He showed that they dipped increasingly towards the 
sphere, when moved from the ‘ magnetic equator ’ (the circle midway between 
the two poles of the sphere), where they rested horizontally (parallel to the 
magnetic axis joining the two poles), to the poles where they stood upright 
on the sphere. He show’cd also that the controlling influence on the needles 
came from the whole body of the sphere, and not meiely from any one point 
in it. His inferences were based on Norman’s discovery, and extended and 
corrected Norman's own conclusion. 

Not long aftei wards, in 1635, William Gellibrand, Gresham Professor 
of Astronomy in London, announced that the compass direction is not 
constant at London, whereas it had always hitherto been supposed to reiiiam 
the same at any one place. The compass direction, and later the dip and 
intensity of the earth’s magnetic force, were thus found to undergo a slow 
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secular ' variation, now observed at London for nearlj' four centuries, and 
over a shorter time elsewheie As Fig. i shows, the compass direction at 



'riie directum of the magnetic force at Loud m since A D. 158 j ^ 

London moved westwards from ii" Jvast 111 1580 to 24*' West m f«oo, siuce 
when it has been moving steadily east \^ aid ; the dip iucieascd to a Vnaximuin 
of ovei 74" in 16S0, and has since decreased to what has been in recent 
years the nearly constant value 07“. The diagram suggests that the magnetic 
direction may return after the lapse of about five centuries to its value in 
1576, but only time can confiim this conjecture. The secular course of 
the magnetic direction elsewhere does not accord with the suppositjoii of a 
cycle of live centuries or so m the variation of the magnetic diredtiou, uor 
is there any warrant for the hypothesis that the magnetic axis of the earth 
has any regnlar rotation round the geographical axis. The secular variation 
of the earth’s magnetic field is not predictable from oiir present knowledge, 
and to keep iip-lo-dale in our mfoimalioii as to the distribution of direction 
and intensity of the magnetic field over the earth, it is necessary to maintain 
magnetic observatories, and to make magnetic surveys of the globe every 
fifteen or twenty years. 

In the seventeenth century observations of the magnetic declination 
gradually increased in number, and covered an ever greater area, as also, 
more .slowly, did those of the magnetic dip. The first ocean voyage for the 
specific scientific pin pose of measuring’ the declination was made by Kdmond 
Halley in the north and .south Atlantic shortly before 1700, in which year 
he published hi.s results in the form of the first magnetic chart. This 
showed the isogonir hnes along each of which the declination has the same 
value (indicated beside the line) ; from these lines, by interpolation, the 
magnetic declination at any point can be found. Halley’s chart was an 
instant success, and two or three years later he jiublished a more extensive 
chart showing also the i.sogonic lines over the Indian and (in part) Pacific 
oceans, using observations collected from eastern voyages ; part of this 
map, including India, is shown in Fig. 2. For comparison a recent world 
isogonic chart is shown in Fig. 3, 
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Though such charts are in the form most serviceable to mariners and 
otheis for the purpose of reading off the declination at any place, they give 
no direct visual representation of the distribution of compass direction over 
the earth, this is best seen from the magnetic meridian lines, as shown in 
Fig. 4, which at each point have the direction of the compass there. The 



Fig. 4 

bines, of horizontal magnetic force, and lines, of equal inclination, for the Northern 
hemusphere, epoch (After Airy lO gj) 

meridians diverge from the south pole of magnetic dip, where the north- 
seeking end of a freely poised magnet points vertically upward, and converge 
to the north magnetic dip pole, where the dip (downward) is 90^’. The 
diagram shows also the isocUnic lines, 01 lines of equal dip. The line of no 
dip is called the magnetic equator. The two dip poles are not antipodal; 
the line joining them misses the earth’s centre by several hundred miles; 
owing to slight legional irregularities of the earth’s field in Ihe polar regions, 
they differ somewhat from the magnetic a:n‘*r pola ^ ; these are the ends of 
the axis parallel to the direction of uniform magnetization agieeiiig most 
closely with the earth s actual field. This magnetic axis is inclined at ii‘ 
to the geographical axis. 

In the eighteenth century Coulomb proved that the attractions and 
repulsions between magnetic poles vary as the inverse square of the distance 
between them, and later Poisson developed the theory of the field of 
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magnetised bodies in general l-or a uniformly magnetised spheie this 
theory gave the simple formula tan / = 2 cot for the dip f at a place at 
angular distance 0 from the magnetic pole ; it also indicated that the magnetic 
intensity increases twofold ui going from the magnetic equator to the 
magnetic poles on such a sphcic. 

T If r: 13 n g 1 n nm n (i o i* m \ o n r i c o h s n r \’ a t o r i p s 

Gauss, ill 1S32, first showed how to measure the inagiielic intensity F at 
any point on the earth, and after that lime it became possible to draw also 
isodyiiamic lines, or lines of equal F , the twofold increase of F from 
magnetic equator to magnetic pole, indicated by Poisson's theory for a 
iiiiiformly magnetised sphere, was approximately verified for our terrestrial 
globe- Gauss also aiiplied a mathemalical (spherical harmonic) analysis to 
the available data for the eaith's field, and so was able to establish rigorously 
the conclusion reached by Gilbert over 200 years before, that the surface 
magnetic field of the earth originates from within latei analyses have 
gradually reduced the estimated fraction that may possibly be of external 
origin, to less than one per cent ; they also indicale that, contraiy to what 
was thought for a time, there is no reliable evidence fo*- the presence of any 
part of the field attributable to electric ciirrenls crossing the earth’s surface, 
apart from the very minute currents associated with atmospheric electricity 
Gauss was also a pioneer in the establishnienl and equi]mient of magnetic 
observatories, of which those at Gottingen and Greenwich were among the 
eailiest. Some years later magnetic observatories v\ere established at Bombay 
and Tiivaudruni in India, and at Batavia in Java— obseivatones which have 
earned a most honourable place m magnetic history foi Llieir important 
observations, and for the reductions and interpretations of their data, fhe 
great two-volume discussion by Moos of /jo yeais Bombay magnetic data 
is one of the classics of terrestrial magnetism 

There aie now almut 100 magnetic observatories distributed over the 
globe, the uouhevn hemispheie having the prepondcrciit share of them. 
They continuously lecord the vaiiations of the magnetic elements— usually 
the declination, and the horizontal and veitical components of the intensity. 
Besides providing oLii most accurate iiiforniatjon as to the secular magnetic 
variation, they are indispensable for the reduction of magnetic smvey 
measurements to a common standard and eiioch 

The magnetic observatories -provide a mass of data rather embarrassing 
111 its volume and detail. In the course of a century many workers have 
gradually devised suitable means of study of these data. The experience 1 lus 

gained enables the much younger science of lonospherics— the stu y o e 

ionised regions of the uiipei atmosphere of the earth 1)> means o ra o 
lechniques-to progress more rapidly m the geophysical mterpretation of 

its data (of even gieater richness and volnme), than wonUl otherwise have 
8— 1738P— 9 
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been possible- At many observatories the main types of magnetic change 
have been elucidated ; besides the secular variation there are several distinct 
types of transient variation. Chief among those is the daily variation 
periodic in a solar day ; and theie is also a smaller daily variation, generally 
of about one- fifteenth the intensity, periodic in a lunar day. These regular 
variations change with the season and wax and wane in amplitude, approxi- 
mately in parallel with the ii-year cycle of spots on the sun ; they also 
undergo moderate changes fiom day to day. One exceptionally important 
early investigation of the lunar daily magnetic variation was that made by 
Ih'ouu from the declination records at Trivandrum. In addition to these 
regular periodic changes, there are frequent irregular distuibances of the 
eaith’s magnetic field, when specially intense these are called juagnetin 
stonns. As in the case of the regular daily variations, t^ese have been 
studied in great detail at a number of magnetic objcrvatoriesl for example 
at Bombay \ 

After investigating the regular magnetic variations, and me nature of 
magnetic disturbances, as they affect the records of scverJ^l individual 
magnetic observatories, the next step is to .synthesize the results to obtain 
a world view of these phenomena. The study of the geographical distribution 
of these variations may be termed the mo'iphology of the solai and lunar 
daily magnetic variations and magiiclic disturbance. It is a complex subject 
because it deals with the changing distribution, over a spheie, of a “ vector 
field ", that i.s of a magnetic force that lias both intensity and direction. 
Despite the difficult uature of the task, inucli progress has been made ni 
obtaining comprehensive graphical representations which sninmaiize and 
.synthesize an iminense mass of detailed data. 

'J‘ H K A 1 N G K o M A G N K '1' 1 G V 1 p: I, 1) 

1‘lie first approximation to the earth 's magnetic field is the field of a 
uniformly magnetized sphere, concentric with the earth, and of equal 
or smaller radius, uniformly magnetized along a direction inclined at ii” lo 
the geographical axis; the earth’s diameter along this direction is called 
the geomagnetic axis, and ils ends, which are at 78'’. 5 N, 6g®\V, and 78”. 5 S, 
Tii°l:v, are called tlic geomagnetic axis poles. The strength of this, the 
main part of the earlh's magnetic field, is u.31 at the cqaaftM 

(the circle niiduay between the axis poles), and 0.62 at the axis poks 
(measured in the magnetic unit called the gauss, and denoted by V). 

llie actual field of the earth diffcj s, however, from this sunple legiilai 
field, so that the dip poles, wheie the field is veilical, do not coincide with 
the axis polc.s ; their positions in 1Q45 were at 71 "'N, 56“^ W and 73'’B, i56''i(, 
not antipodal Likewise, the magnciic equator, where the dip / is zero, 
differs from the geomagnetic equator, and is not a great circle- The hoi 1- 
zontal intensity is not constant along the magnetic equator, being nolablv 
greater (0.4 1 ") at 100 '’W than at about 30®K, where it is about o,s8r. 'J'hi 
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magnetic equator neaily toiicbes llio soutliern ti]) of India, and tlie dip 
increases from approximately zero there to about 30" in the north of India ; 
a rough average value of the total intensity ovei India is 0.4 gauss. 

These depaituics of the earth s held from thal of a uniformly (obliquely) 
magnetized sphere imply the existence of considerable “ regional anomalies,” 
as can be seen, for the hojizonlai component of the field, in h'ig. 5. These 
include a field which, over most of Asia, converges towards a centre at about 
4 o'’N, iio^li ; another large regional anomaly extends over tJie south Atlantic 
ocean, and there are yet others 111 the vSonth Indian and boiithcast Pacific 
oceans. 

Besides Ihese great and widespiead departures liom a siiiqiie spherical- 
magnet field, there are very numerous anomalies of a inoie local natnie; the 
greatest of these is near Kursk in Russia. It is over 150 miles long, hut, 
where most intense, quite narrow— little over a mile wide , the vertical 
iiilensily i.s everywhere above normal, and ranges up to i 9 gauss, U is due 
to a magnetic ore containing up to 40 per cent of iron, extending ncaily up 
to the earth’s .surface. Another great local anomaly is at Kinuia in northern 
Sweden, duo to maguelic ore which is of great commercial value ; there the 
vertical intemsity rises to 3.6 gauss. 

Many of these local anomalies are inystenous in thal the magnetization 
of the rocks which produce the anomaly is opposite to that wliicli the earth's 
present magnetic field would tend to induce 11 is known that many subs- 
tances, such as lava and pottery, become magiielizcd by the ear ill's field 
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during the process of cooling, and some of these substances seem able to 
retain thereafter, over long periods, the magnetism thus acquired, desi)ite 
subsequent changes in the field. In South Africa and elsewhere there are 
systems of volcanic dykes of early geological age (eg., paleozoic) which 
radiate from a centre of volcanic activity, and may extend outwards loo miles 
or moie ; they consist of thin sheets of igneous rock, often no more than 
100 yards wide, that has welled upwards thiough cracks made in existing 
strata ; and their vertical magnetization has the " wrong " sense. One 
explanation of this is thiit 200 million years ago, when they were formed, 
the earth’s magiietizalioii was in a sense opposite lo the present sense ; but 
this hy])othesis cannot easily be accepted, lliough no alternative one has as 
yet been established- j 

Observation of local inagnoiic anomalies affords one of the cheapest and 
simplest ways of searching for hidden de]>osits that are coiiijiiercially valuable 
— such as oil, gold, iron and soon; but naturally there aie\ some kinds of 
deposit that cannot be detected in this way \ 

The earth's magnetic field is now known with fair accuracy and in much 
detail over most of the earth’s suifacc. This knowledge can be used to infer 
very apinoximately the distribution of the held above the surface outside 
the earth, at any height; the distribution of the main ^'smoothed' field 
over any external concentric sphere is approximately the same as over Iht 
surface, except that the intensity is reduced propoi lionatcly to, the /ni'cKsu 
cube of the distance from the earth’s centre ; the anomalous part of the field 
decreases upw'ards much more rapidly, so that its relati\’c inipoitaiicc 
becomes steadily less; thus the further we go outwards from the eartli’s 
sniface, the more nearly does the field agree with llial of a uiiifoniily magne- 
tized sphere. The main fact of the inverse-cube law of decrease has been 
confirmed up to heights of the order loo miles by radio and rocket meaburc- 
ments of the magnetic field in the ionosphere, in the outei layer of the earth \ 
atmosphere, 

T H K ORIGIN O I'* T II K EAR T 11' ,S A G N E T T S M 

The distribution of the magnetic field within the earth is nuich less 
certainly known . The question is closely bound up with the long-slandiiv: 
mystery of the oiigin or cause of the eailh’s magnetism. Very many answcis 
lo this question have been propo.sed, but the matter remains in doubt It 
has generally been considered that the approximate alignment of the eartli’s 
iiiagnelic axis with the geogra])hical axis is not merely a cohicidence, and 
that the earth is a magnet because of its rolaiion. Numerous ways in winch 
the rotation could produce the magnetism have been suggested, but most ol 
them have proved on examination to be quite inadequate to explain the 
existing strcnglh of the field. 

New interest was added to the question iu 1913 when the great Ameiicaii 
astronomer Hale, who had discovered strong magnetic fields in sunspots, 
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anuouuccd Ihc detection o{ a ycueuil inaKnelic field ol the sun. He (jave the 
polar intensity as .50 Raviss, and slated that the diiedioii ot the field bore 
the same relation to the rotation ot the snii as obtains belivcen the niaguelisin 
and the rotation of tlie eailli. 

Miu-h more recently. II. W liabeoch has d.scove.ed .strouR masnetio 
fields in certain stais 

Consideration of the lelation helwcon the tklds and the rotation and 
angular momentum of the earth and sun. and later of Balx'ock’s first nieasuied 
magnetic star, led Tfiackett to piopose that all tlnee eases uere manifes- 
tation of a hitherto unrecognized fundainciital pi opci ly of rotating matter, 
perceptible only in liodies of great size and mass , he found that the ratio 
of the magnetic moment to the angular momentum could be expressed in 
simple terms involving the constant of giavilation and the speed of light; 
the latio was somewhat uncertain, however, both tor the mui and magnetic 
star- 

Bullard pointed out that if Blackett’s hypothesis were true, so tlial 
matter ordinarily considered non-magnetic did in fact contribute to the eaith’s 
field, the variation ol this field with depth, in the (approximately non- 
magnetic) outer crust of the eailli, should be dilfeient fioiii the inverse-cube 
relation hitlierto assumed to exist tlieie This lemaik led Blackett to organize 
a series ol researches on the depth-variation of the geomagnetic field, by 
taking measuiements in deep mines at i)oiuts w here natural local magnetic 
disturbances, and disturbance due to iron or .steel mine-stiuctnres, were 
absent or small. The con.sc(juence.s of Blackett’s hypothesis did not differ 
from those of the classical theory in the case of the vertical niaguetic force 
(near the earth s surface), lull they did dilTei as regards the horizontal force ; 
they indicated a downward ifccmivc ifor sonic distance) instead of the hitheito 
assumed increase 

At first the mines niaguetic measurements gave some suppoil to Blaekett'b 
hypothesis, but eoutinuecl research on these lines has not coufiimed the 
earlier results, 

Moreovei, the astronomical suppoit for the hypothesis has also laactically 
disap]jeared. Kor many years after Hale’s auuoiiuceiiient of the geneial solar 
magnetic field, a cloud of doubt and uncertainty hung ovei the matter ; after 
the second world wai a young German astronomer, riiiessen, repoitcd new 
measuiements of the sun’s field, agreeing subsLantialiy with those of Hale ; 
hut a year or two later he made new measures w'hich disclosed no such field, 
and most recently (since these lectures were given in Calcutta) he finds that 
the field, if present at all has a polar intensity of the order of one gauss, and 
has the sense opposite to that originallv announced by Hale and later con- 
firmed by himself. 

The only inference to be drawn from lliesc various announcements is 
that the observers are seeUing to measure something too small lor their 
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methods to flcterniine with any certainty, or else that their measures are valid 
aticIMhat the sun is a magnetically variable star. 

The latter possibility is made more credible by a further discovery, by 
Babcock, of a strongly magnetic star which changes the polarity of its magne- 
tization every nine days. It appears most unlikely that this can be associated 
with a concurrent cliange in the sense of rotation, and the observation there- 
fore strikingly contradicts Blackett's hyiiothcsis 

Bullard has lately developed a pioinising theory, entirely on classical 
lines, to account for some of the oiitsiaiidiug features of the secular variation 
of the earth’s magnetic field, 1)3^ inductive efifect of large-scale eddies in the 
supposed convective luotions within the earth’s liquid core; in the ptcseucc 
of the main geomagnetic field this motion will induce cleclroiiiotive forces 
that will impel electric currciiLs in that part of the core ; the magnetic field 
of these cuneiit.s, as the convective motions and electric currents vary, will 
be observed at the earth's surface as a secular magnetic v^ariation. ; 

vSlilJ more recently Bullaid has extended his analysis ivithllhc aim of 
explaining tlie general maguelic field itself, as maintained by currents induced 
by dynamo action, iii conjunction with the field, by large scale convection in 
the core. These researches seem to have much piomise, an interesting 
consequence associated with them is the possibility that deep inside the earth 
the lines of magnetic force do not lie in meridian planes through the magnetic 
axis fas they do outside the eai lb), lus theory suggest^ that the deep-lying 
magnetic field has a consideiable coniponeiit that is normal to these meridian 
planes. 

r H R 1-: (1 U b A R 'M A G N R 'J' T C V A R I A 'J‘ I O N S 

The seculai magnetic vaiialion, though extremely lapicl compared with 
most long-term changes proceeding from the depths of the earth- is slow 
accoidiug to oni evciy-day ludgments about rates of change. The eaith's 
magnetic field undergoes also much nioic rapid variations, partly regular, 
jiartly irregular. These are of several different kinds, and though they have 
been much studied for at least a century and a half, there is almost 
certainly much more to discover about them. 

The principal legular magnetic variationsTiave a daily period, or rather 
two daily periods, one relating to the sun and the other jointly to the sun and 
moon. The solai daily magnetic variation is often, for brevity, referred to by 
the symbol S, to which the suffix q is often added to indicate that the .solar 
daily variation considered is that which is seen in its purest form on magnetic 
cally quiet days. The lunar (or more correctly luni-solar) daily magnetic 
variation is similarly denoted by the symbol L* 

These variations Sij and L are not absolutely regular — they certainly 
change somewhat from day to day, besides undergoing a fairly regular (and 
substantial) seasonal change. They have mostly been studied in the form of 
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averages from many days in the same calendar month oi season, someliines 
combined Iroin several years' data. 

Each magnetic element is affected by thee daily ch.mKcs, m di.stmctive 
ways which depend on the latitude of the station lonceined, and to a less 
extent (in geneial) on the lonsitude-liecause to a fnsl approximation, in 
middle and low latitudes,, the same variations occur all round any ciicle of 
latitude, at corresponding locnl (tmci— indicating that the vaii.itions iie 
determined by the situation of the station on the eailh as seen from the sun 
for inooa) . 

Mathematical analysis of these tuwsicnl variations, both iciilai and 
iliegular, as distributed over the earlli, shows that then mam cause is shove 
the earth's suifacc-unlikc the mam field and its secular variation whose 
origin is inteinal. There is, lion eve., a pait ol each tr.insieiit variation which 
is of internal origin, and the icasoii fo. tins is simple. The mam part ol the 
varying magnetic field associated with each type of Uaiisie.it vaiiatiu.i, 
produced above the surlace, and obseivcd at tbe siirlace, iieiielrates 'ilso 
below the surface, and its changes induce electric cunents there, wherevei 
the earth and its oceans have sufiicieiit clectiical conductivity 'Hie extenial 
and inteuial i>arls of the field can he separately determined from the oh.ser- 
vations, and from the relation between them we can information, obtain- 
able in no othei way, about the electiical coiidncliiig propci lies of the eailh, 
deep douii, far beyond the levels at which, in mines, these propci lies could he 
measured in st/u. The sally oceans conduct ehcUicity very well, and moist 
land conducts fail ly well; dry earth and lochs are b'ad electiical conductois, 
but jl is iiifeued fioni the tiansient magnetic vaiiations that beiow' 200 miles’ 
depth the earth's electrical conductivity is lousideiably greater, and increases 
downw ards. 

There is teasonable rerlainty that the daily magnetic variations vS, and h 
are due to systems of electric currents llowuiig in the lonosphcie- the layers 
of the earth’s atmosjihere, extending upwards fiom about 50 miles height, 
which assist world-wide radio communication by deflecting radio waves, so 
that they travel round the earth's curved siiiface, instead of losing themselves 
in outer space. The exact levels of these ionospheiic and I, .systems of 
electric current are not yet ceitaniU" known, hut seem likely to lie helw’een 50 
and 100 miles height. 

Both these current systems arc strongest o'xt the .sunlit hemisphere, as is 
natural because there the ionization of the ionosuliere is likewise strongest. 
This ionization is due to absorption of solai radiation, and decays thiougliout 
the night, during which this radiation is cut ofl 

At the equinoxes the mam featuicsoflhe.se cunent systems are Iwui 
circulatioHvS of currents (for S,/ and also for T) in the noiLhern and southern 
parts of the sunlit hemisphere; about 6 o,uuo amperes flow in each of these 
circulations in the case of Sg, and about 5,000 amperes in the case of L. In 
northern suinm ■ the circulation in the norllicrn hemisphere is inci cased, and 
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it also extends sdinewhat across the equator, invading the domain of the 
reduced southern circulation; in the southern summer these relations are 
reveised. The systems of current arc stronger in sunspot maxiinum years 
than at the minimum of the eleven-year sunspot cycle. These changes are 
parallel to those of the distribution of ionization and electric conductivity in 
the ionosphere. 

These electric current systems arc produced by dynamo aciioft of the 
atmosphere moving in the presence of the eaith’s mam magnetic field, in the 
same way a.s electric current is generated by the motion of the armature in an 
electric dynamo. 

Such motions aic pioduced by the sun, partly by its thermal and partly 
by tidal action on the atmosphere. The moon’s action is effectively only tidal. 
These daily motions of the atmosphere due to the sun and momi have long 
been studied at ground level, and in many ways they must have the .-,ame 
general character in the ionosphere, where, how^ever, they are much advanced 
ill amplitude and speed; this is clearly shown by ladio observations of the 
ionized layers, which, for instance, have revealed that the 1 C layer\ undergoes 
a lunar tidal rise and fall, twice in each lunar day, w’ltli a range exceeding 
one mi/c. 

The study of the daily magnetic variations has told us much, and has 
still much more to tell, about the variations of that part of the solar radiation 
that is intercepted high in the atmosphere, and can only be observed directly 
from very high flying rockets • and also about the motions and structure of the 
upper atmosphere. 

G K t) M A G N K T 1C D 1 S T t' R U A N C IC 

( Iftfcii the continuous records of the changes of the magnetic elements, 
while showing the presence of the legular solar daily variation, also show' 
superimposed iire^ulai magnetic changes. These are called magnetic 
disturbance or activity, or, when specially inten.se, magnetic sionm 

Magnetic storms arc w'orld-wide phenomena, and have many remarkable 
jiroperties and associations, paiticularly with the sun. These arc shown most 
clearly in the case of great magnetic storms, w’hich always begin suddenly, 
and simultaneously all over the eaith, to within less than a minute. 

Many, probably all, great magnetic storms are preceded by local erup- 
tions of brilliant light on the sun, to which Tire given the name solar flaies ; 
usually they occur in the vicinity of sunspots. 

The observation of a bright solai flare is generally accompanied by a 
radio fade- oui —a failure of communication on many radio transmissions, 
usually beginning suddenly at the commencement of the flare, and persisting 
throughout the life of the flare— generally from 20 minutes to an hour or so. 
In the same interval, the Sg daily magnetic variation is temporarily enhanced 
over sunlit hemisphere of the earth. These two phenomena are both attribut- 
ed to the formation of extra ionization at an ionospheric level low'er yian 
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usual, UMOE^y^t about 50 mites' height — ^it is caused by the absorption of extra 
ultraviolet radiation from the dare, of a more penetrating kind than that 
which produces the ordinary ionised layers. These 'immediate' effects ol a 
S(dar ffafC' occur in some degree wherever on the sun’s disc the ffare is 
situttted^-even where it is quite neaar the edge of the disc. They are not 
exactly ccmteraporaneons with the dares because the visible and ultraviolet 
radiations by which the date is seen, and by which it affects the ionosphere, 
Iravd^ with the speed of light, which takes about ten minutes for its passage 
from the sun to the earth , 

If the dare is near the edge of the sun’s disc, it may produce no further 
effect upcmi the earth. But often, when it is both intense and not too far 
from the centre* of the sun’s disc, a great magnetic storm commences about a 
day later. The interval may range fratn 16 to 36 hours or so, and is general- 
ly interpreted as indicating the time taken for solar gas, ejected during the 
dare, to reach the earth. The corresponding speed is of the order of looos 
mile a second. Solar obsei-vers have observed the ejection of solar gas from 
the sun at the edge of the disc, with a speed sufficient to carry the gas right 
away from the sun's gravitational attraction, and travel onwards into space, 
sometimes with a speed comparable with that inferred for the gas supposed 
to produce the magnetic storm. But such ejection from the 'edge' of the disc 
doeS' not produce a storm — for tliis to happen, the ejection has to include the 
direction towards the earth, though the angle of scatter from the dare may be 
a wide one. 

The weaker magnetic storms cannot in geueral be associated with solar 
dares, but they show a property — not shared by the greater storms that 
links them rather dednitely wdlh the sun. This is a tendency to recur after 
the lapse of a polar rotation : oflen there are multiple sometimes inter- 
mittent — recun ences extending over several solar rotations. This is inter- 
preted as indicating the continued or intermittent emission of solar gas, in a 
stream with a more limited angle than tliat associated with dares, over one 
or more solar rotations; as the sun rotates the direction of the stream 
changes, like that of water from a hose when the nozzle is rotated, as in a 
garden sprinkler ; the magnetic storm occurs if the stream 'hits' the earth. 
The recurrence of the storm is not a certainty, because there may be some 
interruptions or slight changes of direction of the emission, so t at t e ear 


is not 'hit' at every rotation. 

Magnetic storms are not perceptible by our senses t ley are ma 

to us chiedy by the magnetic records; but they affect human life, becau 
they produce, or are accompanied by. disturbances of telegraphic 
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magnetic polar regions, but during magnetic storms they extend more widely, 
and have even been seen in India, ^e.g , from Bombay) in one very great 
magnetic storm, in 1873. They show many connections with the earth's 
magnetism, and it is reasonably certain that their distribution is governed 
(in essentially the same way as is that of the cosmic rays) by the deflecting 
action of the earth's magnetic field upon the electrical particles in the solar 
gas, which must be thought of as more or less completely ionised. But there 
arc still many features of the aurora that as yet we cannot adequately 
explain . 

The same is true of magnetic _storms ; but it is likely that a magnetic 
storm is produced partly in the solar gas in the region around the earth, 
beyond our atmosphere : and partly by strong systems of electric currents 
flowing in our atmosphere, along the auroral zones and across the pblar caps 
encircled by them. The current in the zones may be as great as two million 
amperes. \ 

A great magnetic storm may last for a period of from half a day\ to two 
or three days, but after the irregular disturbance has died down there Remains 
an effect of the storm that decays only gradually, over a period that may 
be reckoned in days or even weeks. It seems not unlikely that this after 
effect is due to a ring of gas round the earth, somewhat resembling Saturn's 
rings, at a distance of a few earth-radii from the earth’s centre ; this ring 
carries an electric current that diminishes the horizontal component of the 
earth’s surface magnetic field, and that slowly decays. During the decay 
there may be loss of gas from the ring to the polar regions, maintaining 
auroral displays at a low level of intensity after the solar stream of gas has 
ceased to pur on towards the earth. 

There is much need for further research and discovery in this field, but 
the brief account 1 have given will, I hope, indicate some of the interesting 
possibilities and the future opportunities for students of the subject. May 
India continue to add, by its magnetic and solar observatories, to our know- 
ledge of the important facts of these problems and to their interpretation. 
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ABSORPTION SPECTRUM OF ANISOLE 

By K. SREERAMAMURTY. 

{Received fot publication, August, 14, 1950) 

Plates XVIIA aud B 

ABSTRACT. The ultra-violet absorption spectrum of anisnle vapour has been photo- 
graphed in the region A3840 -2350 Most of the observed band heads have been interpreted 
m term of the ground slate, the excited stale and difference fiequencies. Difference 
frequencies of 36^ 56 and 25 cm“^ have been newly proposed. The data were compared with 
the results of earlier investigations on Raman effect and ultra-violet absorption. 

introduction 

The present paper is part of a general investigation of the electronic 
band spectra of polyatomic molecules with special reference to the ultra- 
violet absorption bands of organic molecules such as those of the diffeieiit 
substituted compounds of benzene. Brief pi ebmiiiary reports of the lesuUs 
of this investigation arc alieady published elsewhere.* The absorption 
spectrum of aiiisole vapour and its interpretation in terms of the electronic 
states and vibrational frequencies of the molecule are discussed in this paper. 

The spectium of benzene in the near ultra-violet region at 2600A. has 
been attributed to the transition Aio'-B2u> This transition between two 
electronic vibrationless levels is normally forbidden in the symmetry class 
Den to which the benzene molecule belongs. It can, however, be 
allowed by the superposition of vibration on any one of the electronic 
levels. Sponer, Nordlieim, vSklar and Teller (1939) liavc shown the analysis 
of the near ultra-violet absorption spectrum of benzene to correspond to a 
structure arising from such an allowed transition. Tater work of Garforth 
and Ingold (1918) and Asundi and Padhye (1949) liave confirmed this scheme. 
Sklar (1939) has further shown that, by substitution, the electronic structure 
of the benzene nucleus can be modified. The modification occurs by an 
inductive effect depending on the electro-negativity of the substituent and a 
resonance effect due to an unshared pair of electrons on the substitute, the 
symmetry characteristics of the benzene molecule are reduced from Den to 
Cat, by such a substitution and makes the forbidden transition into an 
allowed one, 

A number of molecules involving this mono-substitution of benzene, such 
as monochlorobenzene, (Sponer and Wollman 194^)1 moiiofluorobenzene, 
'<W6Uman 1946, benzonitrile,) (Hirt and Howe 1948), Phenol, (Malseii 
•GinsBurg. and Robertson 1945.) aniline (Ginsburg and Matsen 194S») etc., 

♦ Sreeramamurty, Curr. Sc. 1948. Vol. 19, p. 48 ' 
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have already bsen investigated by several workers, following the treatment of 
Sponer and Wollman (1941)- The electronic transition is interpreted as 
with the electronic moment lying in the plane of the ring 
and perpendicular to the axis of substitution. This transition is an 
allowed one and in all spectra it is found to give rise to a strong band in 
the ultra-violet region. Anisole, having the constitution CoHs.OCHg, is 
one of the above type of molecules arising from the substitution of the OCHa 
group in place of one of the H atoms of benzene. The author has attempted 
to study and analyse the spectrum to examine bow far it is in conformity with 
the other spectra referred to and to establish the ground and excited state 
frequencies of anisole. 

Previous work on the absorption spectrum of anisole coiisists of two 
investigations : {a) Kalo and Somcno (1938) and (b) by Matsen anld Ginsburg 
(1946). Kato and Someuo attributed the absorption to the rina tt electrons 
and reported three difference frequencies, 800, 953 and 403 cm'^ \[c/. Sponer 
and Teller., Rev. Mod. Phys,, 13,76,1941)* Ginsburg and Matsen proposed 
the five upper state frequencies : 527, 759, 934, 954 and 1270 cin"‘ (r/. Hirt 
and Howe., J Chem. Pliy.s , 16,485, 1948). The Raman spectrum was 
studied by Ganesaii and Veukateswaran (1929)1 Kohlrausch and Pongratz 
(1934) and others. 


EXPERIMENTAL 

The spectrum is photographed on the medium quartz and large quartz 
spectrographs. Several pictures have been taken with different lengths of 
the absorbing column ranging fiom 2.5 ems to 50 cms. and at different tem- 
peratures from to So°C. The temperature of the reservoir of the 

liquid is varied from — is^C to about 6o°C. 

Anisole supplied by B. D. H. and purified by vacuum distillation is used. 
For higher temperatures, an all-quartz cell is employed and at lower 
temperatures aud longer columns x)yrex glass tubes with quartz windows 
attached to the ends by means of shellac are used. The liquid is contained 
in a small glass bulb attached to the absorbing column by a side joint. The 
conventional hydrogen lamp, working on 2000V and taking a current of 
300 ina, served as the source of continuous radiation. Pictures for prelimi- 
nary examination are also taken with an iodine continuum as the source. 
The Littrow as w'ell as the medium quartz spectra are measured on several 
plates. 

Ilford Special Rapid plates are used to photograph the spectrum. Ex- 
posure times varied from half-au-hour for medium quartz to about 4 hours 
on the large quartz Eittrow. 

For longer exposures the absorption tube is evacuated and refilled a 
number of times during an exposure to avoid the accumulation of decom* 
position products, if any. 
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Plate XVIIA illustiates the development of the spectruin under different 
experimental eonditions 

About 25() bands are measured in the region A2S60 to A2380. The data 
are contained in Table T Wavelength, wavenumber in vacuum, intensity 
(visual estimate), difference in cin~' from the (u, o) band and the assignment 
are given in the respective columns. 


ANAJL,YSIS AND DISCUSSION 

The 0,0 band represented by the proiniiicnt head on the short wave- 
length end of the first strong group is located at ^36389. The bands occur- 
ring on the long waveside of this 0,0 band have the different liaman fre- 
quencies or combinations. The portion of the spectrum to the violet re- 
presents the major part of it The first strong bands to the blue of the 0,0 
baud are assigned to the totally symmetric frequencies ; these represent the 
fundamental frequencies of the excited state. A difference table has been 
set up giving the difference in cm“^ of the transitions from the 0,0 head. 
Among these differences, combinations have been formed using the probable 
frequencies. Of these probable frequencies, those occurring frequently* arc 
found to correspond to the separations of the strong bauds from the 0,0 bund. 
These arc taken as the upper state frequencies. 'I'lie rest of spectrum is 
analysed on the basis of these frequencies. 

Microphotogram of the spectrum showing the general features is indi- 
cated in Plate XVIIB It is clear from the pictuie that the 0,0 band is not 
the most intense in the spectrum. The totally symmetric C-C vibrations 936 
and Q51 cm"^ are the strongest and of these the 951 transition is more intense. 
Also a few combination frequencies are stronger than the 0,0. Ihis may 
be due to the o,u transition being normally forbidden but allowed in the 
substituted benzenes by the excitation of the vibiation of proper symmetry. 

The 0,0 band seems to show a shift towards the red cud as the tem- 
perature and pressure are increased. The frequency varies from ^36389 at 
2.5 ems to about V36401 at largest pressures. Accompanying this band 011 
the violet side, are a set of satellite bands, approximately equally spaced, 
presenting the appearance of a stiuctiire. At higher temperatures of the 
absorbing column and the container as also with longer absorbing columns, 
the 0,0 band showed a broadening on either side and one or more of the 
satellites merged into this as the temperature and pressure are increased. 
This might be the cause for the appearance of the shift in the 0,0 band. 
Hence the wavelength and wavenumber of the 0,0 band as well as of those 
involving the totally symmetric frequencies are taken from measurement on 
plates at low temperatures where the heads are shaip enough to give 
accurate values. 
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Correspond ing lo the Raman frequencies 210, 264, 440, 529, dior^Si. 
816, 991, 1021 or 1033 and 1297 cm“^, the transitions o-i x v, resulting in 
bands at 210, 264^ 440, 523, 6iOj 786, 8i5, 987, 1029 and 1*301 cm"^ 
are identified to the red side of the 0,0 band. The band of weak intensity 
818 cm“^ to the red of Ihe 0,0 band might probably correspond to the Raman 
frequency 816 cm”^ analogous to 824 cm”^ in phenol. If, as in phenol, this 
represents an antisymmetric frequency it may be that such a frequency 
appears in the case of molecules with OX substitution. 

The ej vibration 606 cm"^ in benzene is supposed to split up in substi- 
tuted benzenes into one of about 600 cm“* and another of a somewhat smaller 
value of symmetry /3i. 610 and 523 cm"* may correspond to the two 

vibrations. j 

The frequencies of 1170 and 1242 cm"^ which appear in Raman data 
with a fairly large intensity of 5 (in the scale o to 10) (c/. Magat, ^Numerical 
data on Raman effect) arc significantly absent though the 12971 frequency 
which appears in Raman effect with the same frequency occurs witli^ medium 
intensity. Similaily, the frequencies 1453 and 1587 cm" ^ are absent. The 
Raman line at 3065 cm"^ is repoited to be of intensity 9. This frequency 
coul^ not be observed even on plates taken at high pressures. 

There are some intense bands close and to the red of the 0)0 baud 26, 
56 and 125 cm"* distant which cannot be identified with any of the Raman 
frequencies. These may be the difference frequencies representing- the i - i 
transitions. 26 and 56 cm”^ give bands of large intensity and involve low 
frequencies in the ground state. The 26 cm"* frequency might be from the 
Raman frequency 210 cm"*. In such a casci we should expect a band about 
185 cm"* to the violet of the 0,0 baud Actually, there is a band of medium 
intensity with frequency difference of 183 cm"*. Similarly, if 56 cm“* is 
from 264 cm"* in the giound state, then 203 cm"* of medium intensity may 
correspond to the upper state frequency. 

The uppei slate vibrational frequency of 525 cm"* would be w'q (Sponei s 
notation) or 6b (Wilson’s notation) mode of vibration characteristic of the 
benzene ring. 936 and 951 cm"* represent the w'l or i or the ‘breathing’ 
frequency and 0)^2 or i8a inodes of vibration respectively. 362 may have to 
be associated with 440 and 497 with 529 cm"* . 

Kato and Somene have reported frequency differences of Soo, 953 and 
403 era"*. 953 may be 951 of the present work. 800 and 403 cm"* are 
not observed. 

The upper state and the ground state frequencies are listed in 
I'able ll along with the Raman frequencies with which they are probably 
associated/^ Frequencies above 1300 cm"* are not given. The .exqited state 
frequencies as reported by Matseu and Ginsburfr (ci- Hir.t and HoWe, J* 
1948) are indicated in Column 4, .1. - 
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0+95H-755- 
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0+1267- 

04-951 
0 + 755- 

0+525- 


0-0 



^^iorption Spectrum of Anisole 


Tabie 1 


Wavelength 

Wavenumber 

Int. 

Diff. from 0, 0 

' ’ As^gnun^^, . 

2858 i6 

34977 

w 

1412 

■ 

49.11 

35088 

m 

1301 

0-1301 

40.24 

198 

m 

iigr 


33.81 

278 

m 

Jill 

0—987-135 

29.24 

334 

w 

1055 

0-1055 

27 19 

360 

w 

1039 

0—1029 

25 06 

.387 

m 

T002 


23.89 

402 

ni 

987 

0-987 

22 04 

425 

vw 

964 


18.9s 

464 

w 

925 

0-818-2x56 

17.79 

478 

V\v 

911 


16.68 






492 

vvw 

897 


I 2-59 

544 

m 

945 

0 — 786 — 56 

10.97 

5^4 

m 

825 


10.39 

571 

w 

818 

CO 

00 

1 

0 

08 37 

597 

mst 

792 


07.94 

603 

m 

786 

0-786 

06,27 

624 

rast 

765 


C 3-34 

661 

w 

728 

0-610-2X56 

01 26 

687 

vw 

702 


2798.81 

719 

m 

670 

0 — 610 — 56 

96 82 

744 

w 

645 


94.10 

779 

m 

610 

0-610 

91 68 

810 

m 

589 


89.60 

837 

St 

552 


87.30 

866 

ni 

523 

0-523 

86.18 

88 1 

w 

518 


84 -.SS 

902 

w 

487 


82. 7S 

925 


4^4 

0" 4.10-.-6 

82.03 

934 

111 

4S5 


80.86 

949 

lU 

440 

0-440 


. , ,972 

w 

417 


V . ^ 
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Table 1 {contd>) 


wavelength 

Wavenumber 

Int, 

Diff. from 0, 0 

As.sigument 

2778-23 

35984 

vw- 

405 


74-50 

36032 

m 

357 


73 63 

043 

m 

346 


72 66 

056 

w 

333 


72.09 

063 

mw 

326 


70.69 

071 

m 

318 


69.S8 

092 

m 

207 

0 - 264-26 ; 0 — 786-4497 

6851 

110 

w 

279 

\ 

67.36 

125 

m 

264 

0—264 \ 

66 53 

T36 

ni 

253 

\ 

\ 

66 23 

140 

w 

249 


64 98 

156 

mst 

233 


63.21 

179 

w 

210 

0-21 1 

6i 59 

200 

vw 

i8q 


60 77 

2II 

vw 

178 

0-125-2X26 

59.R1 

224 

W' 

*65 

0-3X56 

58.75 

238 

ni.st 

J51 

0- )25 - 26 

56.78 

264 

mst 

*25 

0-125 

5578 

277 

ni 

112 

0-2X56 

54-19 

298 

m 

QT 


53 22 

3*0 

mst 

79 


51 52 

333 

.st 

S6 

0-56 

49.22 

363 

st 

26 

0-26 

48.50 

373 

vst 

16 


47.31 

389 

vst 

0 

_ 0-0 

46.75 

396 

mst 

7 


46.20 

403 

m 

14 


45-73 

409 

w 

20 

V 

45 45 

413 

w 

24 

\ 

44.78 

422 

ni 

33 


43 65 

437 

niw 

48 


42.83 

448 

w 

59 

0 - 440 + i o-44o+ 497 
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Table 1 (rontd.) 


Wavelength 

Wavenumber 

Int. 

Ditf. from o, o 

Assignmonl 

2742 41 

36456 

w 

67 


40.87 

474 

w 

85 

0-440+525 

38.58 

504 

w 

IIS 


37 00 

526 

w 

137 


3570 

542 

\v 

153 


35.30 

548 

vvw 

159 


3^-52 

559 

ni 

170 

0+17J 

33 48 

572 

niw 

183 


32.06 

592 

tn 

203 


30.6S 

610 

m 

221 


29 93 

620 

m 

231 


28 02 

646 

tnsl 

257 

0-264+535 

2733 

655 

w 

266 


25-99 

673 

w 

284 

0-440+755-26 

25 10 

685 

niw 

296 


24.58 

692 

w 

303 


23.64 

705 

\v 

316 

0-440+755 

22. 

716 

niw 

327 


21. 6i 

732 

VW 

343 

0+2X 170 

20 18 

751 

nist 

362 

0-362 

n.98 

768 

w 

379 


18.44 

7'’'1 

m 

385 


17.31 

790 

lllW 

40T 

0 + 535-125 

IS.46 

815 

VW 

426 


14.64 

S26 

11) 

437 


12, 60 

854 

m.st 

465 

fH' 525-56 

10.25 

886 

nist 

497 

0-497 ; 0 + 525-26, 

o.').i4 

go I 

VW 

5 » ; 

0+3X170 

08. tS 

9 U 

St 

5.5 j 

0+525 

05.98 

944 

w 

555 


04.30 

967 

vvw 

57 « 
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TablK 1 icontd .) 


Wavelength 

Wavenumber 

Int. 

Diff. from 0, 0 

Assignment 

2703.28 

3699s 

vw 

606 


CI.61 

37i$04‘ 

vvw 

615 


00 36 

023 

w 

634 

0+755-125 

3698.08 

052 

w 

663 

0+525+170-26 

96 21 

078 

st 

689 

0 + 525 -t 170 

95-43 

089 

.st 

700 

0+755-56 1 


93 99 

109 

w 

720 

0+2 >*362 1 


93-24 

1 19 

mw 

730 

0+755-26 ' 

1 

01.87 

138 

ni.st 

749 


\ 

91.41 

144 

vst 

755 

0+755 


QCi 13 

162 

m 

773 


89 65 

169 

vw 

780 


^^7-53 

108 

mw 

800 


8<^.84 

207 

m 

818 


85*45 

226 

in? 

837 

0 

82.66 

266 

m 

877 


82.32 

270 

•st 

88 t 

0+936-56 

81.21 

285 

m 

896 

0 f 95 1 - 56 

70.66 

307 

st 

918 


78.30 

325 

vst 

936 

0+986 

77 30 

340 

. vst 

951 

0+951 

75*90 

360 

m 

971 


75-46 

366 

w 

977 


74 53 

379 

st 

990 


73-51 

393 

w 

1004 


72.44 

408 

in 

lOIQ 

0+1267 — 2x125 

69.93 

443 : 

m 

2054 

0+2 *5=5 

69.25 

453 

vw 

1064 

0+525+170+362 

65.12 



1122 

0 + 755 + 362; o+ 95I+’76 

63.79 ‘ 

529 

mw 

1140 

0+1267-125 

63.19 

538 

vvw ’ 

1149 

— ' 
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Table 1 {contd*) 


Wavelength 

Wavenumber 

lilt. 

Diff, from 0, 0 

Assignment 

2662.26 

37551 

inw > 

j 

1162 

0+939+231 

61. 41 

563 

m 

1174 


60.80 

571 

m 

T182 

0+951 + 238 

60.33 

578 

nnv 

1189 

o 4 1267—3 X 26 

60 os 

582 

mw 

1193 


59 iS 

594 

niw 

1205 

0+951 + 2X125 

58 79 

600 

in 

1211 

0+1267—56 

57.96 

612 

in 

1223 


56.S7 

627 

in 

123S 

0+1267—26 

55 - 8.1 

642 

111 

1253 


54-87 

656 

mbt 

1267 

0+1267 

53.77 

672 

m 

1283 

0+1536-2X125 

53 65 

687 

vw 

1298 

0+ 936+362 

50-54 

717 

mw 

1328 


46.45 

775 

vw 

13S6 


44 6j 

802 

mw 

1413 

0+1536-125 

43-43 

Sig 

111 

1430 


42.16 

837 

sv 

1448 

0+951+497 

41.52 

846 

ni 

1457 

0+936+525 

40.24 

864 

m 

1475 

0+951 + 525. 0+1536-56 

37-75 

goo 

111st 


0+2x755,0+1536-26 

36.98 

911 

111 

1522 


35-97 

925 

m 

1536 

0+1536 

34-29 

950 

w 

1.561 


33-26 

964 

w 

1575 

0+3X525 

28. 84 

38028 

inD 

1639 

0+936+755-56 

25-T9 

081 

.St 

1692 

0+936+755 

24.07 

097 

.st 

1708 

t.+95‘ + 75S 

23-70 

103 

ni 

1714 


22 60 

119 

nnv 

1720 


21,67 

132 

mst 

1743 
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Table I (contd.) 


Wavelength 

Wavenumber | 

Int. 1 

Di£f. from u, 0 

Assignment 

2621-28 

38138 

mw 

1749 


20-49 

149 

mw 

1760 


19.18 

169 

w 

1780 


18.60 

177 

w 

1788 


16.63 

206 

w 

1817 


15-72 

219 

m 

1830 


12.65 

263 

m 

1874 

0+2x936 1 

11-57 

280 

mst 

i8qi 

0+951X936 \ 

11.23 

284 

mst 

1895 


10.73 

29a 

mstBd 

1903 

0+ \ 

08.78 

321 

m 

1932 


06.43 

355 

w 

1966 


06.00 

36a 

w 

1973 

0+1536+497-- 56 

02.43 

414 

111 

2025 


01.73 

424 

nivv 

2035 

0 + 1536+497 

2598.83 

467 

mw 

2078 

0+2 « 951 + 170 

96.78 

498 

in 

2109 


94.38 

533 

m 

2144 


92.30 

564 

raw 

217s 

04951 + 755+525-56 

90.51 

591 

w 

2202 

0+535+755+951-26 

88.53 

621 

rast 

2232 

0+951 + 75S+.535 

86.74 

647 


2258 

0+1267+2X497 

86.33 

654 

raw 

2265 

o+ 3 >< 7 S 5 : 0+2X951+362 

84.52 

6S0 

m w 

2291 


83 83 

691 

.V 

2302 


82.47 

711 

piw 

2322 

0 + 1267 + 2X525 

80.25 

744 

vw 

^355 


78.62 

768 

vvw 

2379 


76.03 

808 

tn 

2419 

0+2X951+525 

73.28 

849 

mw 

2460 

0+951+2X755 

72.86 

85^5 

mst 

2467 

0+1536+936 
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Table 1 (contd.) ' 


Wavelength 

Wavenumber 

Int. 

1 

Di£f. from o, o j 

Assignment 

2S71-00 

38884 

vvw 

2495 j 

0+1536-1-951 

68.89 

936 

w 

2527 

0+2x1267 

66.68 

949 

w 

2560 1 


64.90 

976 

w 

2587 


63*94 

991 

w 

2602 


60 60 

39042 

St 

2653 

0 + 2 X 951 + 755 

58.46 

074 

w 

2685 


56 74 

101 

w 

2712 


54 59 

134 

vw 

2745 


52-49 

166 

vw 

2777 

0+1267 + 2X755 

48.26 

231 

111 

2842 

0+2 X 951+ 936 

46.55 

257 

w 

2868 


46.41 

27s 

vvv 

2886 


43.93 

298 

vvw 

2909 


41 33 

338 

w 

2949 


39.46 

366 

mw 

2977 


.38.73 

378 

w 

2989 


37-13 

403 

vvw 

3014 


35-32 

431 

raw 

3042 

0 + 1536+2 X 755 

33.04 

466 

w 

3077 

0+2X1536 

31.40 

492 

vy 

3T03 


28.44 

538 

vw 

3149 

0+1267+951+936 

27.02 

560 

raw 

3142 


24.62 

597 

raw 

3208 


20.54 

662 

ni 

3273 


^9 15 

6S4 

vvw 

3295 


12 30 

792 

w 

3403 

0 1-1536+2X936 

06.97 

877 

w 

3488 


01.49 

964 

w 

3575 


00.09 

987 

w 

3598 


2498.01 

40020 

vw 

3631 
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Table 1 (contd.) 


Wavelength 

Wavenumber 

Int. 

Diff. from o, o 

Assignment 

2494 80 

40071 

w 

3682 


89.49 

157 

w 

3768 


88 68 

170 

w ? 

3781 


83.96 

346 

vvw 

3857 


81 71 

282 

w 

3893 


77.61 

349 

w 

3960 


69.04 

489 

vw 

4100 


62 36 

599 

vw 

4210 

( 

13.63 

41436 

vvw 

5047 


2388.22 

859 

vvw 

5470 

^ 


Table II 

Ground state Excited state 


Raman ultra-violet 

Author 



Kohlrausch & 
Pongratz 

Author 

Matsen & 
Giiisburg 

0 

Kato 

SmncTio 

210 (4^ 


170 ni 



264 I4) 





440 (5) 

440 m 

* 362 ttlSt 


403 

529 (2^ 

533 ni 

497 st 



610 '4> 

610 m 

525 nist 

527 


781 (10) 

786 ni 

755 vst 

759 


816 (i) 

818 w 



. 800 

9QI ( 2 ) 

987 m 

936 st 

934 


1021 (4) 





1033(3' 

1029 w 

95* vst 

954 

953 

1066 (oj 

1055 w 




1150 (2) 





nyo (s) 





1242 (5; 





1297 (S) 

1301 rti 

1367 mst 

1270 

" 
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ABSORPTION SPECTRA OF THALLIUM. HALIDES 

By P. TIRUVENGANNA RAO 

{Received for publication^ May 2, 1950) 

Plates XVIIIA, B 

ABSTRACT The absorption spectra of T 1 1, TlCl and TlBr have been investigated in the 
region A65oo-X2aoo. An examination of the new absorption photographs obtained for T 1 1 
in the present work, has led to an important modification in the analysis of the main system 
’•i-'S+j reported earlier in emission The origin had to be located at j' 263^9.6 instead 
of at v:, 5780.0 and the vibrational quantum numbers v' and v" had to be increased\by ii and 
13 units respectively. The revised vibrational constants are \ 

"/=93-4 w," = 123-5 

*'.=26361.7 x/ Ole' =0.10 X," 01, *'=0.09 

No systems of TIT attributable to the transitions — and have been 

obtained in absorption 

The two systems of TlCl lying between ^420o-^38oo and one foi TlBr in the region 
around ^3950 reported in emission have not occurred in absorption 


INTRODUCTION 

In the previous investigation on the emission spectrum of thallium iodide, 
the author (T. Rao and K. Rao., 1949) referred to the possible existence of 
bands due to the electronic transition *11- If at all they are excited, they 
are expected to occur in the ultraviolet. Under conditions of emission in a 
transformer or oscillator discharge, they were not obtained As they might 
appear probably in absorption, experiments have been carried out to 
investigate this point. Incidentally the investigation is extended to cover 
the entire region in the case of thalliun iodide- and of the remaining halides 
of thallium as well. This work has led to a very important modification m 
the analysis of the main system of 11 1 itself, namely in the location of the 
origin of the system, which could not be very definitely identified from 
emission spectrum- The ’ll- transition itself could not be obtained 
even in absorption. In the present paper these results are described and a 
comparison is also made of the absorption spectra of all the thallium halides. 

The existing results on the absorption spectia of thallium halides can be 
briefly summarised in the following table, 
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Absorption Spectra of Thallium Halide 

Tabi.k I 


Molecule 

Authors 

Description 

Region 

Transition 

TIF 

Butkow & U'ji- 

A coutinnuni 

\2200 



?ova, Howell 
& Coulsnii. 

A hand sy.stern 

around \33oo 

'n-'s+ 


.. 


AA2SUD-2600 

' 10 +-I 2 + 


M 

>. 

A.A3300-: 8uo 


TICl 

Bulkou , II & C 


A.\ 31 oo 3200 

31-12+ 


0 

A continuum 




n 

M 

A3 lof) 



II & c 


A28go 


TIH 1 

Butkow, 11 A C 

A band s\ stem 

AA3600 3 !jOO 

31-12+ 



A continuum 

A3 330 


Til 

Butkow 

Diffuse bands 

AA.]200-38ou 



(H & C-Howell and Coulsoii). 


The foregoing table indicates clearly that while the study of the 
absorption spectra of the fluoride, chloride and bromide of thallium is 
.sufficiently extensive, very liltle is known of the absorption of thallium 
iodide. For this molecule, the brief region 200-^3800 whete 13 diffuse 
bands were recorded by Butkow is obviously a portion of that in which the 
extensive system in emission is described by the author in the earlier paper. 
In the present experiments, the entire region from A65oc)“22oo is investigated 
for all the molecules. 


KXPKRTMBNTAIv 


The usual experimental arrangement is einploy^d for the study of the 
absorption spectra. 

Source:— Hhe source of continuous spectium from A6500-A2900 is a 
special ultraviolet ribbon lamp constructed by the Geucial Electric Company. 
The lamp has a special thin sucked-in wiudo'v having a lens action and 
transmits down to A2900. 


From A2900 down to A2100, the source 01 continuous spectium is the one 
desciibed by Raniasaslry (1948) consisting of an H. F. oscillator discharge 
through iodine vapour. This source has been found by us as very useful and 
simple in all experiments in absorption in the ultraviolet. 

/I bsoTlition tube:— The absorption tube was of pyrex tubing 40 cm. 
long and I cm. in diameter open at both ends to avoid windows on which 
the substance might deposit itself. A circular diaphragm of the same 

diameter as the tube is held in position, at each end of the tube, to act as a 
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shield for extraneous light. These diaphragms are found very necessary to 
get good pictures. The substance is spread near the centre of the tube. 


Furnace : — This is an electric furnace of hinged design, having units of 
helical coils of nichrome wire. It is of a very convenient design permitting 
inspection of the tube frequently. It is operated on 230 volts and 5 amperes. 
Any temperature up to 600'' C can be easily obtained by regulating the 
current. The measurement of temi)erature is done by a standardised 
thermocouple supplied by the Cooley Electric Manufacturing Corp, (U.S-A*), 
The actual temperature range in which the absorption was studied in these 
molecules, extended from 350°C to 600 ’’C. This range was found suitable for 
the complete development of the absorption spectra. , 

Inshwnents ', — Hilger medium quartz and a Fucss glass instrument were 
mainly used. For thallium iodide, the Fuess spectrograph was more\ suitable. 
Exposures were of 5 to 10 minutes’ duration, on Ilford Special Rapid 
Panchromatic plates. 

R E S U Iv T S 


eclal 


Tl I : — Plate XVXIIA and strips (a) to (d) show the absorption spectra of 
thallium iodide at various temperatures taken on the medium quartz spectro- 
graph. At 350®C four discrete groups of bands at about A.3800 and upwards, 
appear, the one in the extreme violet end being the strongest. The intensity 
of these groups decreases as we go towards longer wave-lengths. .Some of 
these groups show banded structure which is partially resolved , This at once 
indicated the need for taking the picture on a higher dispersion iustrument. 
At 38 o°C absorption extends to longer wave-lengths to about A 4100 while 
between A3g5o -A.396U there is complete absorption in the place of discrete 
bands. At 4oo‘’C absorption extends up to A4500. As the temperature 
increases, the shorter wave edge of absorption extends down to A.3700. 

Plate XVIIIB strips (a) to (g) show the complete absorption spectrum of 
thallium iodide at various temperatures taken on the Fuess glass instr ument 
of higher dispersion. At 350^0, the groups recorded previously on medium 
quartz instrument around A.3800 appear well resolved into discrete bauds. 
This is just the region of the spectrum which *15 obscured partly by the 
intense Tl 3775 line, in emission. This picture proved to be of utmost 
importance in the location of the origin of the system. At, higher tempera- 
tures as well) photographs with this instrument show well resolved discrete 
structure in places where just diffuse bands are found under the smaller 
dispersion of the quartz instrument. The extension of the spectrum towards 
longer wave-length side with increasing temperature may be clearly seen in the 
absarptiun photogrepbs shown in Plate XVIIIB strips (n) to (g), It is seen 
that at tha highest temperature 5S0*’C, the bands become exceedingly diffuse 
and extend up to A4700, which may be assumed to be the longer wave length 
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limit of the band system. At about the same temperature, the absorption 
bands of iodine are also recorded above A5000, probably because of the 
presence of free iodine formed as a product of thermal dissociation. These 
absorption photographs of thallium iodide, obtained so clearly for the first 
time in the present work, proved Very useful in arriving at a definite analysis 
of the ihain system. 

The second system of Tl I observed in emission and analysed as — 
is not obtained in absorption . 


ANALYv^ilS OF Til BANDS 

In arriving at the analysis of the main system of this molecule from a 
study of the emission photographs, reference was made to one main difficulty 
in obtaining the starting point. The origin of the system had to be located 
at the violet end of the observed bands mainly from a consideration of 
analogy with the other thallium halides. The absorption photographs have 
clearly confirmed this view, for, both in emission and in absorption the violet 
limit is about A3S00. The red end limit is at about A4700 in absorption 
while it extends further to the red in emission. With increasing temperature, 
a gradual extension of the spectrum is observed in absorption towards the 
region of longer wave-lengths. Further the intensity of absorption is 
maximum in the most refrangible part of the spectrum. 

The difficulty in exactly locating the origin from the emission photo- 
graphs only, as was previously stated, is partly because this end is obscured 
by the intense Tl 3775 line. In this respect, the absorption spectrum has 
proved more useful. A close examination of these spectra has indicated 
that the origin of the system lies further to the violet than that located 
previously. The existence of well-defined and more prominent bands in the 
region A3795-A3813 necessitated this change. A re-assignment of the 
vibrational quantum numbers based on the shift in the origin of the system 
had to be made, adopting the very strong bands between A3795.49 to A3838.59 
as the A'y = o sequence. Table H gives the new assiguments derived from 
the absorption pictures. Only the most refrangible portipn of the bands Ipelow 
A3896.56 are shown in this table. The wave-length and wavenumber data 
of the remaining bands are those given already in the previous paper. But 
the vibrational numbering should be changed consistently with the new 
numbering shown in Table II It implies that for all the bands with 
wavenumbers, below v= 25780.0 cm. (which is assigned as the 0,0 band 
pr^viou$ly). tbe values of the vibrational quantum numbers v" should be 
increased by ii and 13 respectively. 

In the light of this new v', v" numbering, the constants of the system 
are re-calculated- There is obviously an alteration chiefly the value of 
V,, the remaining constants being almost identical on accouiit pf the vw 

3— w 
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Table II . 


TJI Bauds (A3790-A39ooj 


Wave-length 

Int 

Wavenumber 
(Ah'? » 

1 

Wavenumber 

vemission) 

data 

Classification 

Abs. { v \ v ") 
Revised 

emis. tv', v") 

3795 49 

JO 

26339 6 


0.0 


99.53 

10 

26311.6 


1,1 

... 

3804.22 

10 

26279.2 


2|2 


08 59 

10 

26249. ) 


3.3 

... 

13.18 

lO 

26217 4 

26218 9 

4.4 

5,0 

17 56 

9 

26187 3 

'16187 6 

5-5 

6,1 

21.76 

8 

26138 6 

26159 4 1 

6,6 

7.2 

26.06 

6 

26129 5 

26132 3 

7,7 

4.0 

30.52 

6 

26098 7 

26102.6 

8,8 

\ 5,1 

34-42 

6 

26072 2 

26071 0 

9.9 

\ 6,2 

38-59 

6 

26043.9 

26043 S 1 

10,10 

\ 3,0 

43-13 

6 

26013 r 

26014 7 i 

2,8 

\ 4.1 

47-52 

6 

25983 4 

’ 25984 2 1 

8.9 


52 42 

6 

25950 4 

25953-9 i 

9,10 

\ 2,0 

56 87 

6 

23920 5 

259219 

10,11 

3 I 

3861.32 

6 

25890 6 

25800,0 

II , 12 

4,2 

65.78 

5 

25860.7 

25S63.8 I 

12,13 

1,0 

6g 76 

5 

25834 I 

25836 3 

T3.I4 

2,1 

74-15 

5 

25804 8 

25807.5 , 

14-15 

3 2 

78.41 

4 

25776.5 

25780.0 

11,13 

0,0 

82.69 

5 

25748.1 

25750 K 

12,14 

7 ,* 

87.20 

4 

25717 6 


13,15 


96 s6 

4 

25656.4 

25654 8 

11,14, 

1 

' 0,1 


Table HI 


Molecule 

Approximate interval 
separations 

TIF 

1683 

TI-' 1 

1106* 

TlBr 

872'’ 

T 1 I 

740 


small magnitude of the anharmoiiic constants. These new values aie given 
below (for comparison, the old values are also quoted in the foot note)-* 
w, = 26361.7 w'«=93-4 ^"( = 123. 5 .x-'etu'e =0.10 x \ ui \= o-og 

^Tlie interval separations between the origins of the two systems 
and! is also altered on account of the change in the value of v^. 

r \1 Table III gives the new value for T1 1 along with those of the corres- 
ponding ones for the other thallium halides. 

... v,e 257 Q 4.7 «/=9i.a w,''=iai.3 sc.'u/eso.io ae/'Bf,*’=o.OQ 

* Values determined approximately from continna occurring on the shorter wave aide 
of'tbe main system. 
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ABSORPTION SPRCTRA OP OTHER 
HAEIDES OP THALLIUM 

TII^ : The abborption spectrum for this molecule is not taken as it has 
been thoroughly investigated previously by Howell 

XlCl : — For this molecule the author recorded two new systems of bands 
in emission, the analyses of which have already been reported in a previous 
paper (T. Rao, 1949). It has been shown that these two systems occurring 
in the region ^4200-^3800 have a common lower state which is the same 
as the upper state of the ultraviolet system around ^3200 analysed by 
Howell and Coulson- The author suggested that it is improbable to expect 
these systems in absorption as the ground state is not evolved in the emission 
of the systems. This study of the absorption spectrum of TlCl was un er- 
taken primarily to see whether these systems can ’ o 

absorption. No snch systems are observed in the neighbourhood of 113800 
and t For the sake of completeness, the absorption spectra of the 

system occurring around A3300 were taken at various tenipeiatures. 

Both Butkow and Howell and Coulson observed a continuum at 3100 
at aLt 300«C, while at about 45o°C, Howell and Coulson recorded 

another continuum at ^aSgo. In the p.esent work, the continuum aroun 

X3to6 consists actually of two discrete contmua, one J 

,1.1. „.lml.. -I •“ 

11. b,w .U. -•» 
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ON THE ORIGIN OF FLUORESCENCE IN DIAMOND * 

By B. M. BISHUI 

{Received for pubhcatioo, August 30, 1950) 

Plates XIXA-G 

ABSTRACT. The fluorescence and absorption in the visible region txhibited by 
Six specimens of diamond including one of type II have Lecii investigated at dificrent 
temperatures and the birefringence shown by these cry.stals at 3u"C and 275"C has been 
photographed. The intensity of fluoiescence excited by different nioucjchromatij radiations 
ill the legion of 4046X has also been studied qualitatively The results show that the 
integrated intensity of the band at 4156 A increases at lowei tcmperatincs and diminishing 
gradually with the rise of temperature of the crystal, it vanishes abrubtly at a temperature 
which is different for the different ciystals; but at 275‘’C the band is absent in nil 
the cases. The rate of increase of intensity at lower tenipeiatiires diminishes giaduaLy 
with the lowering of Lempeiature. 

The absorption band at 4156^ and its companions also disappear at 275*0 but Iht 
birefringence shown by the crystals is not altered very much at this temperature 
It is further observed that the intensity of fluorescence increases when the incident 
monochromatic radiation has the same wavelength as thdt of the absorption band at 4045A 
but it diminishes when the wavelength lies between 4045A end 4156X and docs not coincide 
wdth that of any of the absorption hands 

It has been concluded from thc.se results that the fluorescence behaves in the same 
way as impurity fluorescence ana that the impurity is of chemical uatiue. It is pointed out 
that the fluorescence is not due to lattice defect produced by strain m the tetrahedral 
lattice, because there is no exact correlation between microscopic strain and fluorescence in 
diamonds of Type I. 


INTRODUCTION 

Fluorescence of diamond was first observed by Robert Boyle in 1663 and 
the subject has attracted the attention of many investigators since then. 
Special attention of the physicist was drawn to this phenomenon by 
Robertson, Fox, and Martin in 1934, who observed that there are actually 
two distinct classes of diamonds, one (Type II) being transparent to 
2300 and the other (Type 1) having a continuous absorption in the 
ultra-violet region starting from about 3000 A. and extending towards the 
shorter wavelengths. Recently, however, this subject has engaged the 
attention of a large number of physicials after a new theory was pul forward 
by Sir C. V. Reman (1944) regarding the structure of diamonds. It is well 
known that according to the results of X-ray analysis the diamond lattice 
consists of two identical mlerpenetiatiug face-centred cubic lattices, one 
being displaced from the other along the body-diagonal. It is also known 

* Communicated by Prof. S. C. Sirkar. 
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from study of the Raman spectra that the carbon atoms are joined to each 
other through covalent tetrahedral bonds and the lattice is not an ordinary 
molecular lattice, but the whole single crystal is a giant molecule. Further, 
the crystal is diamagnetic, and shows no pyroelectric properties. 

It is a fact, however, that as far as the symmetry of the external facets 
of the crystal is concerned sometimes it is of holohedral class and sometimes 
only of the tetrahedral class. This latter fact, that the external symmetry 
of the crystal is sometimes of tetrahedral class, led Sir C. V. Raman (1944) 
to postulate the theory that if the electronic configuration of the carbon 
atoms possesses a tetra-hedral symmetry, in two different types of diamond 
there may not be a centre of symmetry at that point midway between two 
representative atoms. In fact, four different cases can arise out of this 
consideration giving four different kinds of structuies in the diamond crystal. 
The four types have been called by him Td I, Td II, Oh I, ahd Oh II. 
Td I and Td 11 are exactly identical in all respects There is, however, no 
centre of symmetry at the mid point between two representative carbon 
atoms joined by each of the C-C bonds in these two cases In O'fi I and 
Oh n, on the other hand, there is such a centre of vSymmetry. If we examine 
the hypothesis carefully we can see that both in Td I and in Td II the 
resultant angular momenta of the two electrons in each C-C bond are in the 
same direction, while both in Oh I and Oh II they are in the opposite direc- 
tions. It is known that different types of molecules aie formed by the same 
two atoms owing to two different orientations of the spin momcuLs of nuclei. 
For instance, ortho- and para-hydrogen molecules are formed by two different 
orientations of the nuclear spin moments. In the same w ay Td Y and Oh I 
structures are assumed to be formed in the case of diamond lattice by two 
different orientations of the resultant angular momenta of the bonding 
electrons. In that case it is difficult to understand the differentiation between 
Oh 1 and Oh II, because when two bonding electrons have got their spin 
moments directed in opposite directions it is very difficult to say which of 
them belongs to which atom and the spin iiioiiienls can be represented by two 
arrows pointed in opposite directions only in one way. The two geometrical 
figures drawn to show that two different orientations are possible are in 
reality exactly identical. They represent the same relative dispositions of 
the spin moments, and as slated earlier in a bond in which two electrons 
take part it is not possible to say whether tlie spin is directed away from or 
towards the other atom. Similarly, when two moments are directed in the 
same way it is immaterial which way the resultant is formed and the two 
lattices Td I and Td JI have exactly same physical properties. There may 
be, of course, slight irregularity at the surface in the crystal along which 
two such lattices may join each other in such a way that the resultant spin 
moment in one is directed in a sense opposite to that in the other. It is 
also well known that the directions of the C-C bonds in diamond lattice are 
definitely along the arrows in the figure which represents Oh I as revealed 
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X-ray studies, and they cannot be along the arrows given in the other 
three types, Td I, Td II and Oh II. It is, therefore, difficult to understand 
how the structures may be different although the arrangement of the carbon 
atoms as well as the dispositions of the electronic bonds are exactly identical 
in all the four types mentioned above. It is also a fact that in both types 
of crystals showing respectively tetrahedral and octahedral external symmetry, 
the internal arrangement of carbon atoms is exactly identical, and the lack 
of centre of symmetry midway between two representative carbon atoms has 
never been detected by the results of X-ray investigation. 

It has been assumed in the new theory that diamond has usually the 
lower symmetry and interpenetration of different types of the structures 
tnentioned above produces different types of diamonds. It has also been 
assumed that inter-twinning of tetrahedral and octahedral structures may 
exhibit a set of planes parallel to each other in which alternate layers have 
got different physical properties. From study of luminescence exhibited by 
a large number of crystals, it has been concluded that interpenetration of 
Td 1 and Td II structures gives rise to blue luminescence without any 
birefringence and this diamond is opaque to ultraviolet light. The inter- 
penetration of octahedral and tetrahedral structures similarly gives rise to 
yellow' luminescence and the crystal shows structural birefringence and 
is partially opaque to ultraviolet light The lamellar iiitertwiuuing of two 
structures Oh I and Oh II is assumed to produce a diamond which is both 
non-luminescent and transparent to ultraviolet light This crystal has been 
identified as those which show streaky biretringcuce. 

Some evidences in support of the thcoiy mentioned above have also been 
adduced later. These evidences have been found in the results of investiga- 
tions on infra-red and Raman spectra, X-ray reflections, and luminescence. 
As regards the infra-red absorption spectrum of diamond, it has been pointed 
out that according to Placzek’s (1Q34) theory, in the case of an octahedral 
symmetry the three fold degenerate vibration should be active in the Raman 
effect, but inactive in the infra-red spectra. Ac'tually in the case of certain 
types of diamond the 1333 cm“' line appears both in the Raman spectra as 
well as in infra-red absorption spectrum showing a tetrahedral symmetry of tlie 
crystal, while in other types the line appears only in the Raman effect and is 
absent in the infra-red spectiuni. The results reported by Robertson and 
Fox (1930) have been cited in this connection. On careful examination of 
the results, one can easily find that the corresiiondeiice between the infra-red 
baud at Sfx and the line 1332 cm'* is not enough to show that they are 
produced by the same vibration, because 1332 cm”* corresponds only to 
about 7. 5 jli and not to 8/x. Further the line 13320111"* is extremely sharp 
while the band at S/x is broad. Hence it is hardly likely that the band at 
is produced by the same vibration as the line 1332 cm-*. Although 
Krishnan and Ramanathan (1946) tried to show that the 1332 cm~' vibration 
is active in the intra-red by mentioning that this frequency occurs half way 
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down the absorption inininium at this place in the infra-red absorption, 
speclm in, Sutherland ('1946) criticised their statement and pointed out that 
the frequency of absorption minimum can never be considered to be an 
absorption frequency. As regards Placzek’s theory regarding the selection 
rules for the appearance of a line in the infra-red and the Raman spectra, it 
is the symmetry of the distribution of electric chaiges in the vibrating 
molecule which is usually taken into consideration. It is well known that 
if a centre of symmetry is maintained during a mode of vibration, the 
corresponding line is allowed only in the Raman effect and forbidden in the 
infra-red. The relative orientations of the angular momenta of the electrons 
around the oscillating atoms can hardly aBFect either the distribution of 
electric charges or the magnitude of electric moment geueratei^ during 
oscillation. Hence it is difficult to understand how in the case 6f the two 
structures Td I and Oh 1 there can be any difference as far as the\ selection 
rules mentioned above are concerned, because the distribution otf electric 
chari:es is exactly the same in both Td I and Oh 1 structures. \ 

As regards evidence from X-ray reflection from diamond, the intensities 
of Laue spots obtained from different types of diamond have been compared 
by Krishuan (Raman, 1943) has been shown lliat the Lauc spots due 

to weakly blue luminescent diamond are weaker than those due to strongly 
blue luminescent diamond. This fact has, again, been explained on 
the assumption that the former diamond possesses a perfect structure of 
tetrahedral type and, therefore, extinction is very great ^wliile m the latter 
type there is a mixture of Td I and Td II structures wliicJi produces strains 
giving rise to small variations in the spaciiigs and consequent inciease m 
the intensity of X-ray ieflection.s. Hariharaii (1944) also measured the intensity 
of Bragg reflection from (in) plane of a large number of diamond crystals 
of different types and found a correlation between the inten.sity of X-ray 
reflection with that of fluorescence exhibited by these crystals. It has to 
be pointed out, however, tliat the presence of laminae each containing 
several planes of llie same spacing is necessary for producing any appreciable 
intensity in X -ray reflection. Such mosaic structnre can hardly be {produced 
by the interpenetration of Td I and Td II structures and in fact, it has been 
pointed out iu the original theory that no stress is produced by such inter- 
penetration. These crystals, on the other haiid, show birefringence of 
widely varying magnitudes. Hence the strain present in the crystals is much 
too large to be accounted for on the assumption, that it is produced by 
interpenetration of Td I and Td II structures, and it is probably produced 
by some other causes during crystallisation of the molten carbon. These 
facts, therefore, do not seem to furnish any strong evidence in support of the 
new theory. 

The main evidence adduced iu support of this new theory of diamond 
structure consists in the results of investigations on the luminescence of 
different types of diamond carried out by different workers. The work was 



445 


Origin of Fluorescence in Diamond 

systematically started first by P. G. N. Nayar (19410, 19.116), He studied 
the fluorescence spectra of about a dozen diamond crystals of drfferent tyi)es 
at dillererent teinpeiatures ranging from 200*^0 do'vn to the temperature of 
liquid oxygen. He observed a sharp fluorescence band at accompanied 

by a set of diffuse bands at /1278, 4387, 4514 and 461 3 X with a continuous 
spectrum superposed on these and extending up to 6300X. These charac- 
teristic spectra were obseived in all the crystals studied by him, but the 
intensities were different in different crystals and the ratio in the two ex- 
treme cases was of the order of io,oootoi. He also used monochroinatic 
exciting radiation and found that the whole fluorescent spectrum was excited 
by radiation of any wavelength less than 41561. The intensity of the bands, 
however, increased when the exciting hue was of wavelength 4156I and 
the bands vanished when the exciting wavelength was slightly largei than 
4156I. 11 was concluded from the results observed by him that the fluoie- 

scence was not due to any impiuities, but was probably conuected with the 
structural perfection of diamonds. As regards the temperature dependence 
of the fluorescence spectra, he observed that as the temperature rises the 
bauds become broader unsymmetiically and shift towards longer wavelength 
and at temperature above 2oo‘"C, the fluorescence disappears completely 

These investigations were further extended in the case of a very large 
collection of diamonds by (Miss) Anna Mam (1944), who studied both the 
absorption and fluorescence spectra of 32 diamonds of different types Some 
of the diamonds studied by her were ot Type II. She confirmed the obser- 
vations of Nayar that the lutensily of fluorescence vanes eiioriiiously from 
crystal to crystal, although the fluorescence spectrum lias almost the same 
structure in the case of all the different types of diamonds. Type II diamond 
was found to produce exliemely feeble fluorescence spectra She also studied 
the absorption spectia of all these diamonds at different temperatures' and 
found that in the case of all the different types of diamond at about — iSo^C, 
the whole absorptiou siicctruin starting from 4i5aX. was a mirror image 
of the fluorescence spectrum. She further deduced some frequencies from 
those of the observed fluorescence and absorption bauds and these were 
assumed to be those of oscillations of the diamond lattice. Recently, Chandra- 
sekharau (1948) studied the integialed inlcnsity of the fluorescence baud 
4 156 A of diamond at different temperatures and came to the conclusion that 
only the width of the baud changes with the change of temperature and that 
its integrated intensity reniauis almost constant at different tempcraluies. 

From a careful scrutiny of all the spectra leproduced by Nayar, Anna 
Maui, and Chaiidrasekharau it was found that the interpretation given by 
the authors to the results obtained by them was not quite sati-sfactory in all 
the cases, and hence a re-investigation of this problem was thought worth- 
while. A collection of diamonds of different varieties was, therefore, made 
from the local market and in this matter the firm ol Messrs Benud Behari 
Dutt & Sons co-operated whole-heartedly. They allowed the crystals to be 

4— 1738?— TO 
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examined in the laboratory of the Indian Association for the Cultivation of 
Science and changed for better ones if not found suitable. In this manner 
it was possible to collect about a dozen crystals belonging to different types 
varying from highly fluorescent rose diamond to the ultraviolet transparent 
type. Two crystals of the latter type were obtained, one having a light 
pinkish colour while the other was a thin small crystal absolutely colourless. 
The absorption and fluorescent spectra of some of these crystals have been 
studied at different temperatures. First of all, the integrated intensity of 
the fluorescence band at 4156A has been determined at different temperatures 
for six of these diamonds, the intensity being compared with that of Raman 
line excited by 4358-S. line of mercury. Next, the absorption bands at 
different temperatures of these diamonds have been studied in the visible 
region. The birefringence exhibited by these crystals at room temperature 
and at 275°C has also been studied. Finally, in the case of out of these 
diamonds the variation in the intensity of the fluorescence band at 4156 X. 
with the change of wavelength of the monochromatic exciting line ^as been 
investigated. These results have been compared with those reported earlier 
and discussed in the light of the theory mentioned earlier and attempts have 
^been made to offer an alternative explanation. 

EXPERIMENTAL 

In a senes of experimental investigations special stress was laid on 
measurement of relative intensities of fluorescence spectra* at different tem- 
peratures in the case of different crystals of diamond. Previous workers 
compared these intensities, taking either the intensity of 4046X line of 
mercury as a standard or by keeping the time of exposure constant in all the 
cases and estimating the blackenings produced by fluorescence spectra in 
the different cases. It was, however, considered essentially necessary to 
find out a true standard which could be used to compare the relative inten- 
sities of fluorescence in the case of different crystals. The intensity of the 
Raman line excited by 4358 X line of Hg was found to be such a suitable 
standard. Fortunately, in the case of these specimens of diamond studied 
in the present investigation this Raman line was quite strong and was not 
masked by the fluorescence spectra in any case, although in the case of two 
of the crystals there was a wcak^^fluorescence band superposed on this Raman 
line. This, however, did not present a very serious difficulty in estimating 
the intensity of the fluorescence band at 4156 X relative to that of the Riman 
line and this method was probably much more reliable than that adopted 
by previous workers. The complete mercury arc spectrum beyond 4156X 
towards the ultraviolet region was used to excite fluorescence and a Fuess 
glass spectrograph was used to photograjih the fluorescence spectra. In all 
the cases the direction of observation was along the normal to the fiii) face 
and the mercury arc was placed in front of the crystal slightly on one side 
so that the fluorescence from the region of the crystal immediately behind 
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its front surface could be observed. Thus the 4156.^ band was not weakened 
very much, although there is an absorption band exactly at this position. 
For studying these spectra at low temperatures, the technique used by the 
author for the investigations of Raman spectra at low teinpeiatures was 
employed. The crystal was suspended inside a Iranspareut Dewar vessel and 
liquid oxygen was intro luced in this vessel through a double walled glass 
tube entering through the cork at the mouth of this vessel and the surface 
of the liquid oxygen always remained just below the crystal The crystals 
were mounted one by one in a copper frame pan of which was kept immersed 
in the liquid oxygen so that m each case the crystal was in contact with 
copper at the temperature of liquid oxygen and was not actually immersed 
in the liquid oxygen itself. The temperature was measured with a pentane 
thermometer. A sketch of this arrangement is given in J'igure i. The 
dimensions of the diamonds u.scd arc as follows : 



luG. 1 

D I {rose diaiiicnd) -9 mm. x 7 mm. x 1.5 mm., D 11-8 mm. x 5 mm. x 1.2 
mm., D llt-s mm. x 5 mm, x i mm., D IV (triaiigulai plate)-basc, 11 ram., 
height. 8 mm., thickness, i.S mm., D V-io mm.x8 mm. x 3 mm. and 
D VI -14 iniii. X 12 mm. X 2 mm. 

For studying the luminescence at higher temperatures, the crysUl was 
Suspended inside a cylindrical electric heater provided with a glass window. 
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In order to measure the integrated intensity of the 4156 ^ band relative to 
that of the Raman line excited by 4358 X line, microphotometric records of 
the band and the Raman line were taken with a Kipp and Zonen type self- 
recording inicrophotometer and the intensities were estimated after taking 
into account the intensity of the background with the help of blackening-log 
intensity curves. These latter curves were drawn with the help of intensity 
marks taken with, a standard tungsten ribbon lamp and using different known 
widths of the slit of the spectrograph. The integrated intensity of the band 
was determined by calculating the intensities at five points in the band and 
finding the area of the peak obtained by plotting intensity against width 

For studying the absorption spectra in the visible region, an ordinal y 
loo-watt straight-coil filament lamp was used as the source of light and for 
studying these spectra at low tempcrataics, the technique used for/ studying 
the fluorescence spectra at low temperatures was employed. In tme case of 
particular crystal D VI monochromatic exciting bands of different wavelengths 
in the neighbourhood of 4156 towards the shorter wa-veleuglh side were 
used to find out whether the intensity of the fluorescence band ai 4 156 A 
depended on the wavelength of the exciting line. A loo-Watt straight coil 
filament lamp was used as source of light and a Fuess glass spectrograph with 
a slit in the plane of the photographic plate was used as the monochromator. 

The birefringence patterns of the six crystals mentioned above were 
photographed keeping the crystals first at room temperature and then at about 
375° C. Only those portions of the crystals which had opposite parallel faces 
were used for this purpose, the other portions being coveied with suitable 
black screens. Kach of the specimens was mounted in a cylindrical electric 
heater with its mouths open. The birefringence pattern of one of the crystals 
was photographed first without passing any current tlirougli the heater. A 
suitable current was then passed through the heater to obtain a temperature 
of 275 °C near the crystal and again the birefringence pattern was photo- 
graphed. This was repeated for all the six crystals. A pair of large Nicol's 
prisms made by Messrs. Adam Hilger Ltd- was used in the crossed position 
and a parallel beam of light was obtained from a point source with the help of 
a good lens. An ordinary camera was used to photograph the patterns. 

Results 

(tt) Fluoiescencc speciia at difjerent temperatures 

The fluorescence spectra observed at diffcieut temperatures with the six 
crystals of diamond are reproduced in PJales XIX — C. In exciting these 
spectra mifiltercd mercury arc liglit was u.scd, and therefore, these spectra also 
contain the Raman lines excited by the Hg lines 4046 A and 4358^. It can be 
seen from these speotrograms in Figures 3-7, Plates XIX A,B,C, that the nature 
of the fluorescence spectrum is different for different crystals, as observed by 
previous workers also. The band it 4156S. is present in all the spectrograms, 
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but w^ih different intensities. Even in the case of iD IV, which is a diamond 
transparent to light of wavelength larger than 2350 S. there iS a feeble band 
at 4156 & at room temperature. Excepting D IV, all the remaining live 
crystals D I, D II, D III, D V and D VI are opaque to ultraviolet light 
in the region of about 3000 -S. and they exhibit a few fluorescence bands on 
the longer wavelength side of the band at 4156A. The crystals D II and 
D VI are slightly pinkish in colour and the latter shows at -iSoX an extra 
band at 5032 A as shown in Figure 8, Plate XIXC. In the case of D V also, 
this band is just visible at - i8o'’C. The broad bands accompanying the band 
at 4166 A have their centres at 4278 A, 4378A, 4552 A and 4648 A respectively 
in the case of all the five crystals mentioned above, D V shows a peculiar 
phenomenon, e,g , that one half of the crystal produces the fluorescence 
bands with great intensity, while the other half produces much feebler 
fluorescence, although the intensity of the Raman line 1332 cm"’ is the same 
in case of both the halves. 

The change of temperature of the crys tals brings about changes 111 posi- 
tion, intensity and width of the bands. In all the cases the 4156 A band 
observed at room temperature is found to shift exactly to 4152. 6A when the 
crystal is cooled down to — i8o°C. This can be seen from the Figures 3-7. 
The other bauds on longer wavelengthside shift by diffeient amounts towards 
shorter wavelengths. The baud at 4278 A shifts to 4270 A ai-i8o‘' C and 
this shift seems to be larger than that of the band 4156 A. The shift of the 
band at 4648 A is also the same as that of the 4278 A band as can be seen 
clearly from Figure 7. 

All the bauds become narrower at -i8o°C and become gradually broader 
at temperatures higher than room temperature. In the case of D V, there 
is continuous fluorescence in the region between 4156 A and 5200 A besides the 
bands mentioned above. 

Quantitative data regarding the changes in the integrated intensity of 
the band at 4156A with the change of temperature of the crystals are given in 
Table I, in which the data for the three temperatures 100° C, 30*" C and 
i8o°C are given. In each case the ratios of the integrated intensities of the 
Raman line 1332 cra“* excited by 4358A at the two temperatures ■-i8o'’C and 
3o“C and also at the two teniperatares 3o“C and ioo°C are given. Similar 
data have been included also for the baud at 4156A. Hence the absolute 
ratio of intensities of this baud at the three temperatures can be caleillated. 
The calculated relative integrared intensities of the band at -iSo^C, 30° C and 
roo°C, assuming in each case the intensity at -i8o°C to be 222 are given in 
Table H. The curves obtained by plotting loganihms of these intenS.tieS 
against inverse of temperature are reproduced in Figure 9. As no point has 
been obtained between -iSo®C and 3o'’C, ii has been assumed in drawing these 
curv^ thaf they are continuous between 3o‘’C and - i8o®C. It will be seen 
froth Figure 0 that the intensity increases at lower temperatures and diminishes 
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at higher temperatures in all the cases. The rate of increase, howeverj falls 
off at lower temperatures and in the case of D V and DVI, this rate is very 



small at -iSo^C These i esults will be discussed later Sonic microplioto- 
metric records are reproduced in Plate XIX D. ^ 

Plates XIX A, B, C show that except in the case of D VI, all the fluores- 
cence bands disappeai completely at 275‘’C. In the case of D VI, the band at 
4156 A persists with a small intensity at It can also be seen that the 

bands become only slightly broader before they just disappear, leaving no trace 
of any continuous backgiound. These results are thus contradictory to those 
reported by Cliandrasekliaran (1948) according to whom the integrated 
intensity remains constant at all temijeratures and only the width of the bands 
changes with temperature- 
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Table I 




1 4156 J 

I 1332 cm“‘ 

I- 

-186 

1 

j I 

30" 

Diamond 

No. 

Temp. 

(arbitrary 

unit) 

(arbitrary 

unit) 

1.30“ 

1 100* 



4156 A 
band 

1 1332 

1 line 1 

4156 A 

band 

1332 

line 




TOO*C 

33 

3-5 



^ 5-4 

0,63 

D I 

3o“C 

135 

2 2 

2 22 

o.gi 




-i8o"C 

277 

2.0 






loo'C 

9 

2 0 



3 

1.85 

D II 

3o*C 

33 

3 7 






-i8cj“C 

3 C. 

..8 

91 

0.49 




looX 

23 

1 

2 I 

1 

! 

3 4« 

I. os 

D III 

3o"C 

80 







-i8o'C 


x-5 

1.68 

0.68 1 




100 "C 

0 

4 





D IV 

30*0 

9 

9 






-i8o*C 


5 

1.44 

0.55 I 

1 



loo-C 

44 

4.0 



12 73 

3-5 

D V 

So-C 

560 

14 0 






-iBo'C 

234 

3-6 

0 41 

0.25 




ioo"C 

8u 

64 


1 

3.73 

87 

D VI 

30‘C 

300 

5-6 






-i8o’C 

500 

6 0 

1.66 

1.07 




The advantage ol taking the intensity of the Raman line as a standard 
for comparing the intensities of the 4156 band at dideieiit temperatures can 
be seen at once from a glance at Kigures 2 and 3, Plate XIX A and P'igure 7, 
Plate XIX C. P'or instance, the Rayleigh hue 4x08 S. is much less intense in 
the spectrogram for 3o"'’C than in the spectrogram for — i8o°C, but the 
Raman line 1332 cm"' is more intense m the former than in the latter 
spectrogram. Hence if any of the undisplaced Hg lines would be taken 
as a standard for comparing the intensities of the band at 4156 X., results 
5— 1738P— 10 
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Table 11 


Diamond No. 

j Relative Intensities ot 4156 S band. 

1 

-iSo"C 

30 °c 

roo*C 

DI 

UiZ 


91 

70 6 

D TI 

i23 


1^0 

60. s 

D III 

222 


go 

27 

D IV 

222 


84 

0 

D V 

222 


135 

1 32 4 

D VI 

■222 


143 7 

\ 33 '4 


quite different from those given in Table 1 would be oblaine'd and such 
results would be thorouglily unreliable. The method adopted in the 
present paper has auollier advanla^?e, e g., the efficiency of fluorescence 
of the different crystals can also be estimated roughly. This is i»ossible 
because, the same blackening-log intensity curve has been used to determine 
the intensity of the Raman line 1332 cm"^ in all the cases and also a single 
similar curve has been inscd to determine the intensity of the band at 4156 A 
in all the cases. Hence the ratio of the intensity *of the fluorescence 
band 4X56 X to that of the Raman line 1332 cm ' calculated for any of the 
crystals at any temperature can be compared with .such a ratio obtained 
in the case of any other crystal at the same temperature Such results 
are given in Table 111. These calculated ratios are, however, not the 
actual ones but their relative values give the relative fluorescence efficiencies 
of the crystals in the band 4156 X. Hence the values given in the last 
column of Table HI represent thc^e fluorescence efficiciic.es multiplied by 
a constant K. 


Table III 


Diamond No. 

Temperature 1 

\ 

K Xip/lft 

D I 

30‘C 

57 

D ir 

„ 

9 

Dill 

,1 

36 

DlV 

MM 

1 

D V 

MM 

40 

D VI 

it 

54 
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As regards the influence of temperature on the intensities of the bands 
4278 S., 4378 X, 4552 and 4648 S., it can be seen that except in the case 
of D III and tlie D IV, in all other cases, the intensities of these bands 
relative to that of the Raman line increases when the crystals are cooled 
down from au^C to -i8o”C In the case of IMV. these bands are absent 
at both the temperatures and in the case of D HI. Ihe intensities of the bands 
do not seem to increase appreciably with the lowering of temperature of 
the crystal. 

The spectrograms also do not reveal the presence of the sharp lines 
in the fluorescence spectra, although such lines were observed by (Miss) 
Anna Mani (1944) in the case of a few crystals of diamond studied by her. 
I'hus these lines do not seem to be produced by tire diamond lattice itself 
and may be due to impurities. 

(b) Birejrmgence at differeni temperaiu'ies. 

It can be seen from the birefringence patterns reproduced in Plate XIXH 
that birefringence does neither diminish nor disappear at a temperature 
at which the fluorescence disappears almost completely. As regards the 
nature of birefringence shown by different types of diamonds, it is clearly 
seen that D III, which is a diamond showing blue luminescence, exhibits 
a regular birefringence pattern. In the case of D IV, which is a diamond 
transparent to ultra violet legion up to 2250 the birefringence pattern 
does not show any streaky character as can be seen from Plate XIXE. The 
restored light extends uniformly over the major portion of the crystal 
excepting a small region. These rcvsulls do not agree with fact observed 
by Raman and Randall (1944) that all the crystals of Type II show streaky 
birefringence. Again it can be seen from Plate XIXK tliat percentage of the 
area showing birefringence in the case of D III is less than that m the case 
DV and it is of the same order as that in D II. Further the percentage 
is almost the same lu the case of the two crystals D II and D VI. The 
relative fluorescence effccieucies of the two crystals D II and D VI at the 
band 4156 A are, however, widely different fiom each other. The 
signiflcance of these results will be dicussed later. 

(c) MonochroTnaiic exciiaUon of fluorescence. 

The spectrograms obtained by using incident light consisting of bands 
about 30 A broad iu the region of the 4046 A me reproduced in Figures 
ia(a), I2(b> and 12(c), Plate XIXE. The wave-lengths of the centres of the 

bands are 3990, 4046 and 4110 A respectively. It can be seen from F.gnres 

ia(a)and 12(b) that in both the cases the fluorescenee band at 4156 as 
well as its broader companions in the visible region arc present, although 
with small intensity. These fluorescence bands are thus excited by the 
bftnd» of wavt?l®Qgths 3990 and 4046 A respectively. In 1 igiire la c t e 
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excitiug baud is at 4116 1 but the fluorescence bands are almost absent, 
excepting the band at 4156 A which seems to have been excited very feebly. 
It thus appears that the intensity of fluorescence diminishes when the 
wave-length of the exciting band is increased from 4046 A to 4110 A, although 
the latter wavelength is shorter than 4156 A. This fact was observed 
by Nayar (i94Ta) also, but he did not discuss its significance. It will be 
seen in the next section that there is a broad absorption band with its 
centre at about 4045 A in the absorption spectrum of diamond. The facts 
mentioned above indicate that when any portion of the exciting band has 
Wavelength coinciding with that of any portion of the broad band at 4045 A, 
the intensity of the fluorescence bands excited by the band is increased. 
In fact the efficiency of a monochromatic line at 4046 A in exciting the 
fluorescence baud at 4156 A is very large as can be seen from Figure i^fd) 
in which light from a meicury are filtered through highly Concentrated 
solution of sodium nitrite was used as the incident light. AUhough all 
the lines of wavelength shorter than 4046 A have been cut off and the 
intensity of the hue 4046 A has been diminished considerably by the filter, 
yet the fluorescence band at 4156 A is distinctly visible in the spectrogram. 
Hvidcntly, the line 4046 A is responsible for excitiug this band, because 
the lines 4077 and 4108 A are much weaker. 

Again, from a comparison of b'igmes 12(a) and 12(b), it can be seen that 
when the mean wavelength of the exciting band changes from 4046 A to 
3990 A, the intensity of the fluorescence band diminishes considerably, this 
diminution being less in the case of the fluorescence band 4156 A than in 
the case of the other bands on the longer wavelenglli side. Thus the 
intensity of the latter bauds with respect to that of the band 4156 A seems 
to depend on the wavelength of the exciting band in the region between 
3990 A to 4110 A. 


(d) Absorption Spectra in the Visible Region, 

The absorption spectia of all the six diamonds mentioned earlier were 
investigated in the visible region both at about 30°C and at“i8o®C respectively 
and in the case of D II at 275®C also. Some of the spectrograms are re- 
produced in Fig. 13, Plate XiXG. No absorption band in the visible region 
was observed in the case of D IV inspite of repeated trials, although the 
fluorescence band at 4156 A is present with small intensity in luminescence 
specti'um of this diamond. Evidently, the absorption at 4152.6 A is too 
small to be recorded even at — iSo'^C in this case. Both the diamonds D If 
and. D VI show an intense absorption band at 4156 A at room temperature 
accompanied by a few other bands on the shorter wavelength side- The 
baud at 4156 A shifts to 4152.6. A aud becomes a little sharper, when the 
crystals are cooled down to - i8o'*C* These observations are in agreement 
With those of Nayar (19416), of the other thr^e diamonds D I, 
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4 156 A, s found 

iiM X ^ A *' °f about -iSo-C the band shifts to 

41^6 A and becomes sharper and more intense as can be seen from the 
^^oarams reprodneed in Plate XIX G. The band with its centre at about 
^45 A observed rn the case of both the diamonds DU and D VT at jo'C 
shifts to 4041 A at - i8o«C This band is found to be more diffuse in the 

„..c tt. .uJll 

4156 A disappears. In the case of D I, Dili and D V also the 
intensity of this band at 3o'’C is very small and the band disappears at about 
100 C. Thus even m the case of those diamonds which show an intense 
absorption ^nd at 4156 A at the room temperature, this band disappears at 
a out 275®C. .These results are in agreement with those observed by 
Nayar ;i94ib). 


The influence of temperature on the intensity of continuous absorption 
beyond 3000 A towards shorter wave-lengths has also been studied in the case 
of DU, The mercury lines transmitted in this region by the diamond at 
3o”C and 27s°C are shown in Fig. 13. It can be seen that the temperature 
has very little influence on the position of the long wavelength edge of 
continuous absorption in this region. The transparency of D IV to Hg lines 
of wavelength shorter than 2536 A is clearly indicated in the last spectrogram 
ih Fig. 13. It is evident that the crystal belongs to Type II and the other 
five diamonds of Type T remains different from D IV even at 27s®C. 
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It can be seen from the spectrograin for D II that there is very little 
absorption in the region between the baud 4152 6 ^ and band at 4045 A, and 
in the region beyond 4045 A towards the shorter w'avelengLh there is conti- 
nuous absorption with some broad maxima separated from each other. These 
observed facts are In agre?meut with the scheme of energy levels shown in 
Fig. 14 and deduced from the properties of Ihe observed fluorescence and 
absorption bands. The fact that the intensity of fluorescence diminishes 
abruptly if the wavelength of the exciting band increases from 4046 A to 
about 4110 A is also explained satisfactorily. This happens because the 
absorption of light of wavelength at and in the neighbourhood of 4110 A is 
very small and consequently intensity of fluorescence produced by transitions 
from the level E' to the sub-levels of E is very small- The absorption spectra 
also show that light of any v;avelength shorter than about 4045 A is absorbed 
in different degrees depending on the w’avelength contrary to the hypothesis 
put forward by Nayar (19416) that only light of energy correspoiming to 
that of the band at 4156 ^ enhanced by the energies of vibrations \ of the 
lattice is absorbed. In fact, the energy diagram shown in Fig, 14 conforms 
to the theory put forward by Seitz (1938) according to which the elerbtionic 
energy levels in semi-conductors cousi.st of the Blocli-Wilson bauds together 
with narrow continuous bands lying in the forbidden region between the 
former bands. 

It is further observed that at the lower temperature the absorption band 
at 152.6 A is much sharper than the fluorescence band of the same wave- 
length. Hence if a thick crystal be used, the flnoiescencelDaiid may appear 
as a doublet because its core will be absorbed owing to sclf-rever.sal and the 
edges v/ill be transmitted freely. This band has actually been observed to 
consist of a doublet with its centre of gravity at 4152 A in the case of a large 
number of diamonds of fairly large size by (Miss) Anna Maui (1944). She 
has interpreted the results on the assumption that the band itself is oj iginally 
a doublet. Actually, however, the appearance of the doublet is Que to self 
reversal of the band. As thin crystals were used in the present investigation 
and they were irradiated from the front, the fluorc.sceiice band at 4152.6 A 
was always found to be a single band and not a doublet as can be seen from 
Plates XIX A. B, and C. 

DlSCUwS SIGNS ON THE ORIGIN O F h U O R E S C E N C E IN 

I> I A M O N U 

The variations in intensities of the fluorescence band at 4156 A at 
different temperatures observed in the case of the six specimens of diamond 
indicated in Fig. q show that in all these cases the intensity increases as 
the temperature, of the crystal is lowered arid when the temperatnre is raised 
above room tcraperatiu'e the intenstitjF gradually diminishes upto about 
ido^C, but the rate of diininmiott becomes higher at still higher tempera- 
tures, till the band disappears at about 27S“C. Since the birefringence 
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^atliibiled by the crystals persists at ays^C, thlis disappearance is a purely 
temperature quenching. Such an effect is observed in the case of almost all 
phosphurs activated by chemical impurities and is caused by the presence 
of a large activation energy for radiationless transition. The results reported 
by Williams and Eyriug (ig'^y) in the case of Zii 2 SiO* phosphor activated 
by manganese are similar to those observed in the present investigation. It 
IS further observed that the absorption band at 4156 A together with its 
companions of shorter wavelength disappears at about 375"C, although the 
continuous absorption starting from about 300a A persists at this higher 
lemperalitre. Hence the presence of the former narrow absorption bands are 
necessary for the excitation of the fluorescence bands These facts suggest 
that the narrow absoriition bauds are due to some impurities and the evi- 
dences discussed below show that these impurities are of chemical nature 
and they are not due to lattice defect produced by strain in the pure diamond 
lattice. 

According to the theory put forward by Sir C. V. Raman (1944) slight 
iuhomogeneity in the lattice in diamond of Type 1 produces these new 
absorption bauds while in Type II large amount of strains cannot produce 
such an effect. This difference in the behaviour of the two types of diamond 
is attributed to the differeuce in the relative orientations of the resultant 
angular momenta of the two bonding electrons m the C-C bond. Those 
portions of the crystal of Type 1 which show birefringence should, therefore, 
exhibit very strong fluorescence and the intensity of fluorescence would 
be determined by the relative volumes of the inhomogeneous and isotropic 
parts in the crystal. Such exact correspondence between the intensity of 
fluorescence and the birefringence is not observed in all the cases. For 
iuslance, iii the case of 1 ) II and DVl (Plate XIXE) the difference in the volume 
showing birefringence is not very large, but the intensity of fluorescence 
in the latter case is six times that in the former case as shown in Table HI. 
Again, D V shows birefriiigeiice throughout its volume, while only a part 
of the whole volume of DVl is birefriiigcnt. The fluorescence, however, 
IS more intense in the latter case than iu the former. In fact, 111 the arrange- 
ment for photographing the fluorescence spectrum an image of the illumi- 
nated diamond was focussed ou the slit of the spectrograph, in each case, 
but no discontinuity in intensity along the length of the bands corresponding 
to the discontinuity in birefringence was observed m any case. The dis- 
coutiunity observed in the case of I) V also does not correspond to the 
birefringence pattern exhibited by this ciystal, as shown in Plate XlX E. 
Further, it is a fact that in certain diamonds of Type I, some portions which 
show strong fluorescence do not show strong birefringence and on the other 
hand, some portions showing strong birefringence do not exhibit fluorescence 
at alb Such instances can also be found in the results reported by previous 
authors. The birefringence and luminescence patterns of D aoo studied by 
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SirC. V. Raman (1944) in Plate V of his paper, indic^ite that some^ portions 
not showing strong birefringence fluoresce strongly, and vice versa. 
Rendall (1944) studied the ultraviolet transparency of the same diamond and 
it can be seen from the photograph reproduced in Plate X^VI of the paper 
that the portion of the crystal not showing any luminescence in Plate V 
mentioned above is not quite transparent to ultraviolet light, and, therefore, 
this portion of the crystal is not of Type II. Hence strain has failed to 
produce luminescence in this portion of the crystal of Type I. Thus the 
presence of chemical impurities is^to be postulated to explain the observed 
fluorescence. Such impurities may bi so minutely dispersed in certain 
volumes of the crystal that there may not be any macroscopic strain, but local 
lattice defects will give rise to fluorescence. Similarly, in other portions of 
the crystal, larger amount of the impurity may pioduce visible slriatiptjs and 
strong birefringence. This would account for the correspondence of bire- 
fringence and fluorescence in certain poitions of the crystal. \ 

The difference in the positions of the edge of the continuous ultrl^violet 
absorption by the two types of diamond strongly indicates the presence of 
chemical impurity in diamond of Type I. The absorption starts at about 
3000 S in this type, while in Type TI it starts at 2250X, If the absorption 
in the former case would be the characteristic of the C-C bond, the strength 
of the bond would be slightly different from that in Type II. The frequency 
of the Raman Hue at 1332 cm”' is, however, exactly the same in the two 
cases. Hence the strength of the C-C bond in the two cases is exactly the 
same and the difference in the absorption spectra is due to the presence 
of chemical impurity in diamonds of Type I and its absence in diamonds of 
Type II. The fluorescence band at 5032 X is due to a different chemical 
impurity as this band is not present in all crystals of Type I. This band 
cannot be due to Oh I structure, because no amount of strain can produce 
any fluorescence in this crystal as can be inferred from the fact that diamond 
of Type II showing streaky birefringence does not exhibit fluorescence. 
Further, if the interpenetration of octahedral and tetrahedral structures 
would produce this fluorescence in diamond of Type I, there would be 
coirespondence between fluorescent laminae and those showing alternately 
transparency and opacity to ultraviolet light of wavelength 2300 X. No such 
general correspondence has ever been established The observations made 
by Blackwell and Sutherland (1949) show that even some diamonds of Type II 
exhibit yellow luminescence. Evidently, this is not due to interpenetra- 
tion of Type I and Type II structures, because in that case these diamonds 
would show absorption in the region of 3000 X. This fact indicates clearly 
that some type of impurity producing absorption in the region of 3000 X is 
absent in this type of yellow luminescent diamond and another type of 
chemical impurity produces the yellow luminescence without changing the 
ultraviolet absorption. 



Origin of Fluorescence in Diamond 459 

There is another property of the absorption and fluorescence bands 
which shows that strain has nothing to do with the fluorescence exhibited 
by diamonds of Type I. The position of the absorption and fluorescence 
baud in the region of 4156 X is determined by the temperature alone and at 
a particular temperature, it is the same for different crystals showing different 
degrees of birefiingence. I^videutly, the position of energy level of the 
chemical impurity depends on interatomic distances which are determined by 
the temperature of the crystal. 

The photo-conductivity of diamond of Type I is generally much less than 
that shown by diamond of Type II, as shown by Robertson, Fox and Martin 
(1934'). This cannot be due to presence of laminae in Type 1 and their 
absence in Type 11, because the latter show streaky birefringence. The 
difference may be due to presence of chemical impurity in Type 1, which 
entraps the ejected electrons moving through the lattice. Further, the radia- 
tions in the region 3300 X, which are most effective in producing photo 
conductivity, are absorbed by a thin layer on the surface in crystals of Type I. 

Robertson, Fox .and Martin (1934) have pointed out that all diamonds 
of Type 1 having origin in widely different parts of the world show the same 
absorption band at 4156 A. This is not a genuine difficulty, because diamond 
must have crystallised from a melt contained in a particular environment 
and it is not unlikely that a common impurily has entered into the lattice 
in varying amounts in all tlie ciTstaks. In exceptional cases, when this 
impurity was absent, diamond of Tyiie II was formed. The streaky bire- 
fringence exhibited by diamond of this type may be due to die fact that 
just before crystallisation of the rnell, the formation of C-C bonds was started 
and there was sudden contraction of the volume which pi oduced standing 
ultrasonic waves in the solidifying mass. These waves were frozen in when 
the crystallisation was complete. In the case of the pure melt, the sliata of 
compression and rarefaction were parallel and such a diamond shows streaky 
birefringence. In case any impurity was present, the waves were distorted, 
the disloriioii depending on the natme and quantity of the impurity. 
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ULTRASONIC VELOCTIILS IN URCANIC SOLUTIONS. I 

By K. C. LAL 

{Received Jot publication, June 20, 1950I 

ABSTRACT. Measurements on supersonic velocilics and compressibilities of solutions 
of different concentrations of benzoic acid in toluene and xylene at various temperatures 
are reported. 

It has been found that velocity increases with dilution and the adiabatic tompre.ssibility 
increases with concentration The ultrasonic velocity in solutions decreases with the 
increase in temperature. 


INTRODUCTION 

Parthasaratliy (1936, 1937) iu a beries of papers reported determination of 
acoustic velocity in a variety of pure organic compounds and discussed the 
relation between the sound velocity and chemical constitution. Ram Pershad 
(1941) pointed out that the determination ot velocities and compressibilities 
of the mixtures is expected to throw appreciable light on the state of cohesion 
as a function of molecular fields of liquids and also the .stiucture of molecules 
as derived from the resulting interiiiolecular action. Wilson and Richards 
(1932) and Parthasarathy (1936) have reported some observations on supersonic 
velocities and compressibilities of niixtuies Ram Pershad (1941, 1942) has 
reported results on the determinations of velocity and adiabatic compressibilities 
in liquid mixtures and has also discussed their relationship with the coustitu- 
tion of the mixtures. With these considerations it was thought wortliwhile 
to determine the ultrasonic velocity 111 solutions with a solid solute and to find 
out whether the laws which hold for liquid mixtures also hold for solid mix- 
tures or not. In this paper results are reported for the solutions of benzoic acid 
in xylene and toluene. Tn the subsequent papers of this series, the results 
in other solvents will be reported and attempts will be made to correlate them 
mth the chemical constitution of the constituenls of the solutions. 


K X r K R I M n N T A L 

The mclhod ol the diffiaction of liylit by bound waves originated by 
Debye and Seats (193a) in America and by Lucas and Biquard (1932) iu 
Ftaiice was employed in the present investigation- 

The high frequency generaiot* is based on the piinciple of eneigy feed- 
back from the plate to the grid circuit. It is a simple standard high 
frequency valve oscillator employing a Hartley ciicuit modified to suit the 
conditions of the investigations. 
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The oi»tical arrangement followed was similar to the one used in getting 
grating spectra. A monochiomatic source of light was focused on the 
slit of a collimator and the parallel beam of light passing through a cell 
with plane parallel windows was focused by an objective on a photographic 
plate. As a source, a mercury arc with filters was used — 4358A and 5461 A 
of the mercury arc were used. 

Since the thickness of the camera lens was considerable, the distance 
of lens to plate was measured from the centre of the lens to the photographic 
plate. 

Determination of frequency : — The experimental arrangement once 
set up was not disturbed till all the solutions had been investigated. The 
solutions were changed by simply removing the cell and changing splutions. 
The constants of the apparatus therefore remained the same. 

The calibration of the high frequency generatoi was carried out by a 
precision w’avemeter supplied by Oambrell Bros., Ltd., London. \ 

In order that the eflect of damping of the oscillations by the superin- 
cumbent liquid might be negligible, the quartz crystal was suspended \within 
less than half a centimetre below the surface of the liquid. 

Temperatuic Control : — Freyer Hubbard and Andrews, (1929) find 
that the temperature coefficient of sound velocity in liquids is fairly high ; 
hence, attempt was made to record the observations with a little change of 
temperature as possible. The experimental vessel was surrounded with 
a double- spaced copper jacket which was surrounded by af wooden i’essel. 
The upper and the lower portions were covered with wooden slabs. The 
upper slab contained three holes for inserting the crystal, the stirrer and 
the thermometer. The space between wooden jacket and the copper chamber 
was packed with asbestos to avoid loss of heat and also to fix the ijosition 
of the vessel. 

At low temperatures the copper vessel w^as filled with ice and the charge 
in temperature was lecorded by means of a sensitive thermometer of least 
count o.i°C. This arrangement was found to give a fairly steady temperature 
during the course of the observations ; the maximum vaiiation in temperature 
being not more than o.5”C. 


RESULTS - 

. Ultrasonic velocity w'as found out in the following solutions of different 
concentrations and at different temperatures : — 

1. Benzoic acid in xylene. 

2. Benzoic acid in toluene. 

Kahlbaum's or Merck's purest xylene and toluene were employed. 
They were redistilled before actual use. . Kahlbaum'^ purest benzoic acid 
was recrystallized and used as a solute. 
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DensUies of the solutions were determined {Separately with a specific 
gravity bottle at the same temperature. 

The velocities were calculated from the simple formula 

aia 6 = p\ 

A 1 

where 0 is the angle of diffraction which is measured by 

sill d = - 
A 

where d is the distance between two diffraction fringes and A is the distance 
between the centre of the camera lens and the plate. 

A is wavelength of light used. 

A is wavelength of sound to be determined and p is the 
number of orders. 

Both the 4358 A and 5 461 A of the mercury lines were used as incident 
beams to check up against each other and the results obtained agree very 
well with each other. 

The adiabatic compressibility was calculated from the relation 


where v is the velocity of sound, p the density and (Stp the adiabatic 
compressibility. The results are given in the following tables. 

Tabi.e 1 

Benzoic Acid m Toluene 
(a) VanaLwn of Velocity with Concentration 


Comentra- 

tiou 


M/5 

M/io 

M/20 

Pure 

Toluene 

M/s 

M/ao 

Pure 

Toluene 

M/s 

M/io 

M/20 

Pine 

Toluene 

M/s 

M/20 

Pure 

Toluene 




I'empera- 
ture *C 

Density 
giijs/c c. 

Frequency ’ 
Mes /.sfc. 

Wavelength 

nnn. 

Velocity 

metrcs/sec. 

Compres- 

sibility 

XiO* 

31.8 

0.8678 

4 35 

0.2810 

1198 

81.36 

31.8 

0.8660 

4 25 

0.2823 

1200 

81.2 

31.8 

0 8643 

4 25 

0 2833 

1204 

80.8 

30-9 

0.8639 

4*25 

0.2847 

1210 

80, t 

20 


4*25 

0.2856 

1214 


20 


4-25 

0.2889 

1228 


20 


4-25 

0.2930 

1246 


10 


4.25 

.289 1 

1 1232 


10 


4-25 




III 


4-25 

■293 

1245 


10 


4-25 

,300 

1276 




4-25 

.302 

1282 


J 

2.8 


4'25 

306 

130* 


3 


4-25 

.308 

1308 




TABI.E II 

Benzoic acid in xylene 
i) Variation of Velocity with Concentration 


No. 

Coiicencra* 

tion 

Density 

Tempera- 
ture “C 

1 

Frequency 

Mc/s 

Wavelength 

mm. 

Velocity 

nietre/si»i'. 

Compres- 

sibility 

XIO^' 

1 

I 

M/5 

1 

0.8648 

18.5 

4-13 

•2993 

1236 

76 7 

3 

M/io 

0.8640 


4-13 

.2999 

1239 

76.3 

3 

M/20 

0 S589 

18. S 

413 1 

.3000 

1241 

76.6 

4 

Pure 

Xylene 

0.8572 

18.5 

413 

.3020 

T249 

75-7 

1 

M/s 


10 

4 13 

■305 

1262 


2 

M/io 


10 

4-13 

.307 

1266 


3 

M/20 


JO 

4-13 

.308 

1270 


4 

Puie 

Xylene 


TO 

4.13 

1 


1276 


1 

M/5 


3-3 

4.^3 


1289 


2 

M/io 


2.3 

4.13 

■3*30 

1294 


3 

m/20 


2*3 

4.13 

.3*43 

1297 


4 

1 

Pare 

Xylene 


2.3 

4*13 

.31^0 

J304 
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ib) Variation of Velocity with Temperature 
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No. 

Concentration 

Temperature 'C 

Velocity meters /.sec. 

I 

M/s 

18.5 

1236 


10 

1262 



2.3 

12S9 

2 

M/to 

18.5 

1239 



10 

1266 



2-3 

1294 

3 

M/20 

18 

1241 



10 

1270 



2-3 

12^7 

4 

Puie Xylene 

18 

1249 



10 

1276 



2-3 

1304 


INFERENCES 

I. The velocity in a pure solvent is always greater than that in the 
solution. 

a. The presence of a solid constituent in a solution, however small it 
may be, always lowers the velocity. 

3. The velocity in a solution increases with dilution. 

4. The adiabatic compressibility of a solution increases with concentra- 
tion. 

5. The velocity decreases with the rise in temperature. 
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AN AUTOMATIC PRESSURE STABILISING DEVICE FOR A 
DIAPHRAGM TYPE WILSON CLOUD CHAMBER* 


By RANJIT KUMAR DAS 

{Received for puhiicaiion. Sept. 6 , 1950) 

ABSTRACT. An automatic electro-mechanical air pressure stabilising device is des- 
cribed. The development has been necessary for the use of a specially designed metallic 
diaphragm of a shallow cloud chamber A stabilisation factor of ± .02% has been reached. 

INTRODUCTION 

Hcoiioiny of space between the pole pieces is a very important factor in 
W.ilson chamber work, in a magnetic field. Tliis is all the more keenly \felt 
where the pictures are to be photographed by reflection from a plane mirror 
set at 45® to the plane of the chamber. All the lateral pin-control type 
chambers, (e.g., the one used by Blackett in his early work) use three 
conical leak-tight plugs carrying wedge-shaped end-pieces for controlling the 
expansion ratio. These wedge -pieces have a considerable thickness parallel 
to the axis of the chamber and they effectively draw upon the space between 
the polc'pieces. An economy in this direction was made by using a circulai 
brass sheet with annular corrugations as the didpliragm, the movement of 
which produced the requisite expansion of the cloud chamber. 

It was found that for a definite gas pressure in the glass compartment 
(in our case, 6 cm. of Hg) the compressing pressure in the back compartment 
could be varied within a rather small critical range (in our case, 2 cm. of Hg., 
with optimum at 96 cm. differential pressure). In other words, woikingof 
such a chamber depends critically upon the supply of air at a stabilised 
compressing pressure within a narrow range. 

TH^ MECHANISM OF THE DEVICE 

Fig. I gives a schematic diagram of the device used to secure the 
requisite pressure stabilisation. T, and are stiff tungsten wires sealed in the 
right limb of the U-tuba mercury manometer M. T, is in permanent contact 
with mercury. is sealed at the lower limit (in our case 95.6 cm. of Hg.) 
of the working differential pressure range. 5 is a brass screw carrying a fine 
needle N at the end and can be worked down in the manometer as shown iff 
the diagram. The upper limit of the working pressure is determined by the 
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position of the tip of the needle T,N is the differential range of pressure (of 
course; the optintura lies in between the two limits for which the apparatus 
lb adjusted) within which the pressure remains automatically stabilised. 



Schematic diagram of the automatic pressure stabiliser 
Fig. I 


Nonnally, the cup-cone v^alve system V allows a regulated supply of air 
from the compressor at a pressure of a couple or two pounds per sq. iup|i. 
above the final stabilised pressure into the i^eservoir R. The mercury in the 
manometer rises and touches T^, thus completing the energising, coil of the 
24* volt relay Tj. Simultaneously the prongs of this relay closes the earth 
end of the second relay in the sequence. Mercury continues to rise and 
touches the needle tip iV. Immediately is energised, closing the two pairs 
of prongs Fi and Pa- Now Pi closes the magnetising coil of a 220-volt 
colliery-bell relay, the armature of which carries a J inch diameter and i inch 
long brass stud. The rod makes contact with the brass disc B and closes the 
magnetising coil of the iron-cored solenoid J. The axial field of the solenoid 
attracts the rod towards the bottom of the core cavity. This translatory 
motion of the rod R, is converted into the rotatory motion of the coupled 
pinions by means of the lightly pivoted cross arms Ai and Aa. The 
rotation of the pinions displaces the air passage through the truncated cone 
completely from the pair of diametrical openings through the cup. The air 
supply from the compressor is thus automatically and very effectively cut 

off, 

Now, through unavoidable minor leakages and use in the cloud chamber, 
the pressure in the stabiliser tank falls so that the needle loses its contact 
7— 1738P-' IQ 
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with merciiry. Ibspite of thisi the relay ra tetbliiiis ebergised ^ through the 
auxiliary prong P2 and thus the relay and the aokhoid circuit in the 
automatic aecjuence remain closed. As mercury falls just below Ta, the 
prongs of the relay open, breaking the magnetising circuit of the relay r^. 
Simultaneously, the relay in the solenoid circuit gets opened in succession 
and the tension of the spring Si restores the valve to its previous position and 
the cycle of operation repeats. 

When the solenoid circuit breaks, a sufficiently large back E. M. F. 
develops at the contacts, producing heavy sparking there. This is the reason 
why the contacts are made of a brass rod and a disc rather than the lightly 
built prongs of relay which could otherwise be used directly. 

DISCUSSION 

The volume of the reservoir was nearly 5500 times greater t^ an the 
chamber volume. The actual requirements of the compressed air for expan- 
sion of the chamber was small, so that when the chamber works, stabilisation 
for more than half an hour was easily secured. This arrangement gives a 
stabilisation factor of ± .02%. By taking wide manometer limbs to reduce the 
convexity of the mercury meniscus due to surface tension and increasing the 
proportionate volume of the stabiliser tank, the slabilusation factor can be 
easily pushed down to ± .005%. 
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ANNOUNCEMENT 

INTERNATIONAL UNION OF CRYSTALLOGRAPHY 


The Second General Assembly and International Congress of 
the Union will be held in Stockholm f^om 27 June to 3 July 1951 . 
Delegates to the General Assembly will be nominated by the 
National Committees. Crystal lographers through out the world are, 
however, cordially invited to attend the International Congress. 
The Union is unfortunately not in a position to provide funds to 
assist delegates in meeting travelling expenses. All those attending 
will be required to pay a membership fee of 50 Swedish crowns. 

The subjects selected for consideration are : 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 


Instruments and Measurements (7) 
New Developments in Structure (8) 


Determination 

Mineral Structures (9) 

Metal Structures (10) 

Inorganic Structures (II) 

Organic Structures (12) 


Proteins and Related Structures 
Random and Deformed 
Structures 

Thermal Transformations 
Crystal Growth 
Neutron Diffraction 
Miscellaneous 


No report of the Congress shall be published. Full abstract 
of the contributions will, however, be distributed in advance. 


Arrangements have been made for a visit to Uppsala University. 
It is proposed to hold two symposia on (i) Advanced Technique in 
Structure Determination and (ii) Electron Diffraction in Liquids and 
Gases. These symposia are intended primarily for specialists in 
these fields, but in so far as accomodation is available, all crystallo- 
graphers will be welcome. 

Contributions may be presented in any language, preferably in 
English, French or German. 

Crystallographers intending to attend are requested to complete 
Form B and return it to the General Secretary not later than 1 5 
February, 1951 . Offers of papers are cordially invited and should 
be submitted, preferably in Form C to the Secretary, Programme 
Committee, not later than 15 February, 1951 . Forms are obtainable 
(in India) from Secretary to the Govt, of India, Dept, of Scientific 
Research, North Block, Central Secretariat, New Delhi. Crystallo- 
graphers, whose contributions are accepted, will be notified shortly 
and will be requested to submit an abstract of their papers not later 
than 31 March, 1951. 

All correspondence concerning contributions to the Congress or 
Symposia should be submitted to the Secretary, Programme Commi- 
ttee (F. E. Wickman, Stockholm 50, Sweden), and other corres- 
pondence to the General Secretary of the Union (R. C. Evans 
Crystallographic Laboratory, Cavendish Laboratary, Cambridge, 
England). 
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THE ELECTRICAL CONSTANTS OF SOIL AT 
ULTRA-HIGH FREQUENCIES 

By P. N. SONDARAM 

(Received for puhlicaHon^ July 12, ig^o) 

ABSTRACT. A detailed study of the variation of the dielectric constant and 
conductivity of soil with frequency, sand content and moisture content has been made 
within the wavelengths between 4 and 7 metres. A modified Lecher-wire sy-stem, 
completely immersed in the soil for the required length, wa.s used for recording observations. 
ISxperiments were conducted with two *hrown fine clay’ samples of soil within the 
University area of Banaras. 

INTRODUCTION 

The knowledge of electrical constants of soil has been found to be of 
great importance for radio as well as electrical engineers. In electrical 
engineering, for example, it is necessary to have proper earth connections at 
specific points, in the supply and distribution systems, resistances of which 
are entirely dependent upon the conductivity of the soil. Several electrical 
devices, employed in tapping oil and mineral resources, have become 
indispensable to geophysicists for the geodetic survey of any place. 

But in the propagation of radio signals, these soil properties influence 
even the design of the transmitter, irrespective of the use of an earthed 
antenna. A knowledge of the electrical constants of soil around the 
transmitter is essential for computing the primary ‘service area* of any 
broadcasting station. The efficiency of reception is very much influenced 
by the conductivity of soil in the neighbourhood of the receiving station. 
Moreover, the knowledge of soil constants has been made indispensable 
by the increasing use of shorter- waves during the last two decades. 

For special short-distance communications, like blindlauding beanrs for 
aviation and police conversations by wireless, ultra short waves (i.e., wave- 
lengths below 10 metres) are extensively used, Being almost immune from 
fading they insure complete privacy of conversation. 

In view of this recent trend towards the use of very short waves, 
variations with frequency, moist uie content and sand content of the electrical 
constants of soil at ultra-high frequencies were investigated. 

KXPERIMENI'AL ARRANGEMENTS 

Ihe experimental arrangcmeni was essentially the same as adopted by 
Banerjee and Joshi (1938) with a modification in the method of observation 
as described below. 

Two hard drawn copper wires stretched horizontally formed the Lecher 
^ wires. A aeries of condensers were placed at the input end in scries with the 
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parallel wires as shown in the figure i. The two ends of the central 
condenser were connected to the two ends of a vacuum thermojunction and 
the other two terminals of the junction to a galvanometer G. ^ 

A wooden box, of a length variable, between 50 cm. and 250 cm. was 
made to keep the soil. Two slits were cut on opposite smaller sides of the box 
nearly to the bottom. The parallel wires were passing through these slits. 

An ordinary retroaction type pf .valve generator, O (Fig. i) formed the 



Fig. I 

(The I^echer-wire systenr) 


^Source of oscillations. The same oscillator could give different freqiiehcies 
'of oscillations by merely changing the inductance in the circuit. By loosely 
Coupling the inductance of the oscillator to the input end of the parallel 
wires, oscillations were set up in the parallel wire system. To minimise the 
chance of boundary reflection of the waves at the surface of separation of 
4 he two media in the soil and the air, the box was shifted to such a position 
-that its end, nearer to the input end. coincided with a potentfal node. 

METHOD OF OBSERVATIONS 

“ As the box was gradually filled with soil, it w'as found that the shift 
nf the nodes was towards the box. The wires were coveted with soil and 
^compressed, and the number of nodes shifted in the soil was noted* The 
final node next to the end of the box was located and the distance I of the 
node from the box was measured. Then, if A « and A, be the wavelengths 
' in air and Soil respectively, 

'Kl^,=N\a-ZlL, ' 

where N is the total number of nodes between the input end of the box 
' kept at the node, to the node next to the other end of the box outside it, 
and'L is the length of the soil box. This isTthe wave-shift riiethod as 
employed by Smith-Rose and MePetrie (1934). 

The resonance curves w'ere then drawn Jby plotting the distance along 
parallel wires, against deflections of the galvanometer, as a short-circuiting 
-metal bridge (Fig. i) was gradually moved along the parallel wires. The 
Attenuation constant « was found by the ‘half-width' method from these 
resonance curves using the relation, 

. - . . - - ' ^ ■' 

' wherA' the liatf-^idth, that is thc distaucc between tht 'points the 
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resonance graph, where the deflections of the galvanometer are half that 
of the maxiiTnim deflection at the node, proportionately calculated for a 
half -wavelength in soil, n the number of the node from input end. 
Observations taken in a similar vray clearly indicated that the calculated 
value of 'the attenuation constant a varies markedly with the length of the 
wires immersed in the medium. This anomalous variation of the calculated 
attenuation constant has been discussed by the author (Sundaram, 1950). 

Since reliable results could not be obtained, by this method, to determine 
Afl/A., and the resonance curve for the first potential node in soil was drawn, 
and from it the node itself was located and d,, the half-width in soil was read. 
Thus A, the wavelength in soil was directly measured in soil and a was 
calculated from « = 2n-d,/A,. With this modified method, the variation 
of the electrical constant of soil with frequency, moisture content and sand 
content was studied in detail. Six different frequencies, that is, 43.17 Mc/sec., 
52. oS Mc/sec., 60.48 Mc/sec., 69.12 Mc/sec. and 74 07 Mc/sec., all in the 
ultra high range, were employed ; their corresponding wavelengths being 
6.95 m., 6.28 m., 5.76 m., 4.96 m., 4.34 m,, and 4.05 m. respectively. 


VARIATION OF THE vSOITv CONSTANTS WITH 
FREQUENCY AND SAND CONTENT 

Mixtures of very dry sand and equally dry soil were prepared and the 
variation of the electrical constants of soil with increase in frequency and 
also of the influence of contained sand was’studied. In Tables I and II are 
given the results of the experiments conducted. 


TablK I 


Variation of dielectric constant l(in e. s. u.) with frequency and sand content. 




Sand content 

Pure sand 

Mc/sec. 

soil 

10% 

20% 

30% 

40% 

50% 


4317 

3.17 

3.«i 

2.99 

2,9^ 

2.85 

2.88 

2-45 

47-77 

3.21 

3.21 

3.06 

3.04 

3.04 

3.02 

2 57 

52.08 

3.04 

3.12 

303 

2.05 

2.95 

2-95 

*■53 

60.48 

a.86 

2.92 

2.82 

2.8 i 

2.87 

2.81 

2 53 

69.12 

2.70 

2 79 

2 70 

2.66 

2.77 

2.70 

2.53 

74.07 

2.72 

2.80 

2.76 

2.73 

2. 80 

2.76 

2 42 
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Tabi.e II 

; . ,Vai’iatiou of conductivity (inio“ e. s. u.) with frequency and sand content,; 


I Frequency 
IVTc/bec. 

r' — — 

Pitre 

soil 

Sand content 

Pare sand 

30 % 

30% 

3 «% 

40% 

50% 

4 J .*7 

1 

J7.91 

iS.i8 

16.85 

15-02 

14.60 

14-36 

0.834 

' 47-77 

2O.17 

18.86 

16.43 

14-13 

14-53 

14-21 

0.746 

52-08 

19.88 

19-45 

16.67 

17.00 

14-93 

14.02 

0 . 5 X 2 

60,48 

18.77 

30.73 

15.21 

16.64 

17.16 

13-77 

|o.8ig 

74-07 

7.6.17 

23-54 

^ 5-77 

21.07 

T8.87 

16.73 

1 i.'’7o 


Fig, 2 represents one of the typical cmves for the variation V»f the 
dielectric constant with frequency for dry soil alone and Fig. 3 that\of the 



Fig. 2 
(Dry soil) 



Fig. 3 
(10% sand) 
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mixture of soil with io% siud, drawn from the observations in first three 
cplutnns of Table I. The important chatacteristies of these curves are the 
humps or the crests at about 47 Mc/sec. and the troughs between 65 aud 
70 Mc/sec. The crest or the maximum is observed in all the curves 
including those for pure soil and pure sand, the observation for which are 
shown in the second and eighth columns of Table I. We, therefore, conclude 
that this maximum is a common property of soil and sand both. The 
presence of this crest in the value of dielectric constant, suggests some 
resonance effects in the medium at the frequency of about 47Mc/sec. On 
the other hand, the trough is a characteristic of the mixtures only. It ^ 
absent both in the case of pure soil or pure sand alone, it is mote 
pronounced in the case of the sample containing 20% sand, being l^ss marked 
in other cases. A similar trough in the value of dielectric constant is 
obtained in case of pure soil with high percentage of moisture as shown 
later. 

Fig. 4 is a typical curve for conductivity. Its variation with frequency 
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Fig. 4 

(40% sand) 

is not so regular as that of dielectric constant. The conductivity of sand 
itself varies very little with frequency and in this fact we find that it influences 
the conductivity value of the mixture markedly. The mean variation of 
conductivity with frequency decreases with increase of sand content in our 
sample of soil. 

THE INFbUENdK OF MOISTURE A.ND FREQUENCY 
OF THE soil/ CONvSTANTS 

Here also the same six different frequencies were employed to study 
the variation of the soil constants with frequency and moisture content. 
The soil samples were not artificially moistend as this imparts, a non-uniform 
and irregular distribution of moisture to the samples. The electrical constants 
were measured at diffenent percentages by weight of the moisture cont^t, 
during the natural course of the evaporarion of soil samples, . initially 



40 50 60 70 8p 

Frequency — ^Mc/sec. 
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containing a large percentage of moisture. ( Several samples were 
' ‘^kperimented upon but only tbe typical results of one sample are recorded 
here. In Tables III and IV are given the results of these experiments. 


Tablb TII 

Variation of dielectric constant with frequency and moisture 


Frequency 
Me/ sec; 

Moisture content 

, 5 - 3 %' ' 

7.3% 

9.*% 

it.S% 

15-5% 

43 -J 7 

4-49 . 

5.03 

S -37 

5-37 

J «63 

47-77 

4.63 

5 03 

5-4* 

5-70 

sW 

' 53.08 

4.80 

4.73 

5-53 

5.40 

4 .if 9 

69.48 

4-37 

4.43 

5.04 

4.95 

4.3^ 

6g.i2 

389 

4. IT 

4.66 

4-53 

3.73 

74.07 

3-94 

3.94 

4-55 

4.36 

4.23 


Tabi^e IV 

Variation of conductivity (in lo® e. s. u.) with frequency and moisture 


Frequency 

Mc/sec. 

Moisture content 


B 



15.5% 

4317 

34-86 

42.00 

42.00 

36.67 

34-94 

47,77 

36-59 

44.21 

38.79 

46.62 

41.65 

' . 52.08 

39-87 

45-53 

44.67 

44-80 

39.01 

60.48 

41.02 

43-02 

47-55 

46.30 . 

, 43.55 

69.12 

44-50 

44.0s 

49-71 

49.15 

36.96 

74.07 

46.49 

46.49 

53-25 

46.31 

53-33 


Fig. 5 is a typical curve representing the variation of dielectric constant 
with frequency for the same sample of the soil with different percentages of 
moisture in it. There is the usual crest at 4^ Mc/sec-, which we saw was 
due to the soil itself. It is present in all cases and in general we^nd that 
the dielectric Constant decreases with frequency. At higher moisture contents, 
however, the trough is obtained at about 69 Hc/seq., as shown in I^ig. 6* It 









Dielectric cunsfaiit i-i e,s ii. Dielectric constant in e.? 



m 


Pi /V. Suriilatafn 



Fig. 8. 

(5-3% moisture) 

will be observed that the curve in Fig. 6 is similar to the ones for the nkixture 
of sand and soil as mentioned earlier. It may therefore be said that the 
effect of the sand on the soil is very similar to that of a large aniount of 
water in the sample as far as the variation of dielectric constant is concerned. 

The curve in Fig. 7 represents the typical variation of the dielectric 
constant with moisture content. The results of the previous investigators 
in this field indicated that the dielectric constant increased with increasing 
moisture contents^ tending towards the constant value. But it is clear 
from these curves that the dielectric constant has a definite m^Kiiuuui between 
10% and 12%. This shows that the effect of moisture on dielectric constant 
is maximum in this range. There is also a gradual shift of this maximum 
towards higher moisture contents as the frequency is increased between 40 
Mc/sec. and 56 Mc/sec, Between 52 Mc/sec. and 75 Mc/sec., however, 
this shift is in the opposite direction, i.e., towards smaller percentages of 
water content. The fact that this crest is observed at all frequencies, 
pi events us from attributing it to any resonance effects which can occur 
only at particular frequencies. 

Fig. 8 represents a curve showing the variation of the electrical 
conductivity of the soil with frequency, which shows that the electrical 
conductivity of a sample of soil, containing very little moisture, increases 
with frequency within the range investigated. It may be mentioned that 
such curves show maxima and minima with increase of moisture content, 
which are also shown in the conductivity measurements below. 

Tlic curve in Fig. 9 illustrates the influence of moisture on the soil 
conductivity. Tfie interesting feature of such curves is the maximum 
between 8% and 10% of moisture. Perhaps if higher frequencies are 
experimented with more maxima may be observed as in the case of dielectric 
constant mentioned above ^ 
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Fig. 9 

(Frequency, 43.17 Mc/s) 


S U M ]\I A R Y AND C O N C D U S T O N vS 

The dielectric coiivStant of the first sample is 3.17 at 43.17 Mc/sec, 
increasing at first lo 3.21 at 47.77 "Mc/sec., gradually decrcavSing to 2.73 at 
74 Mc/sec. With increase of sand content the dielectric constant decreased. 
Its value for imrc sand is 2.15 at 43.17 INle/sec. increasing to 2.57 at 47.77 
Mc/sec. and then gradually decreasing to 2.42 at 74 Mc/sec. The second 
sample has a dielectric constant of 4 49 at 43.17 Mc/sec. at first increasing 
to 4.63 at 47.77 Mc/scc and then gradually deci easing to 3.94 at 74 Mc/sec. 
At all frequencies the dielecliic constant increases with increase of moisture 
content up lo 10% or 12%. But when the percentage of moisture is still 
greater it is found that the dielectric constant decreases. It appears as 
though water has its maxiniuni effect at about 10% or 12%. It was similar 
in the case of condutivity also. 

The value of the electrical conductivity of the first sample is 17.91 x 10" 
e. s. u. at a frequency of 43.17 Mc/sec. The variation with frequency 
is not very regular. Its mean variation with freciuency decreases w'ith 
increase of sand content. The conductivity or the second sample is 
34.8x10® e. s. u. at 43.17 Mc/sec. The electrical conductivity of dry 
soil, increases with frequency. As in the case of dielectric constant the effect 
of moisture seems lo be maximum between 8% and 10%. 

Lastly, the important feature of the results of these observations is that 
they indicate that a mixture of dry soil and dry sand shows a similar behaviour 
in ‘resonance effects* as the moist soil, within the range of frequencies 
employed’. 

a— i738P.^n 
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ON THE DISINTEGRATION OF SCANDIUM (46) AND 
THE METHOD OF DELAYED COINCIDENCE FOR 
THE STUDY OF SHORT-LIVED METASTABLE 
STATES IN ISOMERIC NUCLEI 

By B. I). NAG, S. vSliN, and S. CHATTIiRJEE 

{JUccivecl for pubUcatioUf Sept g, ig'^oj 

ABSTRACT, A mctatit-ible state having a hdlf-life of 12.15 ±0.2 iincro-secoiids has 
been found in tiUiuum (46) decaying from 85 days .scandium (jhl The method of delayed 
coincidence used foi the purpose has been discu'ssed with reference to the effect of time- 
lag in G-M counters 'J'he distribution function foi the time-lag i,s found to differ from the 
Gaussian error function A mathematical cxpiession relalnig the deca3' constant of the 
mctastable state to the delay 111 one of the channels has been derived assuming a 
Gaussian distribution of the initial pulses as a first appioxiniatioii. 

The disintegration scheme of .scandium (46) has been examined The two beta-rays 
were separated by putting aluminium absorbers and tlic values of their energy maxima 
were obtained as 0,54 nit-v and 1.52 mev from the Feather plots. This confirms the 
results obtained by Walke, Peacock and Wilkinson. 

INTRODUCTION 

The disintegration of scandium (46) to titanium (46) by -emission has 
been investigated by several workers. Walke (1940) reported two groups of 
beta-rays having maximum energies 0.26 mev and 1.5 mev and a 7-ray of 
energy 1.25 mev. Meitner (1945) conld not find the high energy beta-ray 
group and atlnbuled Walke’s results lo scattering. Later work on scandium 
(46) by Miller and Deutsch (1947), Jiiruey (1948) and others revealed that 
there is only one group of beta rays of maximum energy 0.36 ± o.or mev 
and two groups of gamma-rays of energies 0 Sg ± 0.02 mev and 1.12 ± 0.02 
mev. Further (9-7 and 7-7 coincidences show that each ^-ray of the 0.36 
mev group is followed by the cascade emission of the two gamin a-rays. 
Peacock and Wilkinson (194^8) reported the presence of the beta-ray group 
having end-point energy of 1,49 mev ill addition lo the beta-rays with end- 
point energy 0.36 mev, thus confirming the earlier re&iiUs obtained by Walke. 
They also found that 2 percent of the beta-rays belong lo high energy 
group. 

Feister and Curtiss (194W h^^ve verified that only the low energy beta- 
rays are present. Maudeville and v^cherb (1948) also could not find any 
hard beta-rays having end-point energy 111 the vicinity of 1.5 mev. In a 
communication, Goldhaber and Muelhause (1949) mention a metastable slate 
of half-life of 20 seconds in scandium (46). Nag, Sen, and Chatterjee (1949) 
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reported a iiiclaslable slate lu litaniiiin i^ 6 ) having a lialf-hfe of 132 
niici o-seconds. 

Method of delayed coincidence . — The method by which the half-lives 
of short-lived ' melastable states of the isomeric nuclei are determined is 
generally known as ‘ 'delayed coincidence ” method. The method of delayed 
coincidence has engaged attention of many workers for the last few years 
and led to the discoveiy of a miinber of nuclear isomers with short decay 
periods. The first woikeis in this line weie Rossi and Nereson (1942) who 
found the decay period of meson Uy this method. Dellenedetti and McGowu 
(1946) first introduced the method ol delayed coincidence to the study of 
short-lived mctastablc slate of isomeiic nuclei- 

In the method of delayed coincidence there are tw'o counters, each 
followed by a channel leading to a coincidence stage. A time dela^ is being 
introduced in one of the channels, so that two siiiiultancous eventis in the 
counters will not come out ol the channels simultaneously tut v\ill 
be shifted in time Hut when the two events in the counters are 'delayed 
by the same time as introduced in the channel, then only the evd^its will 
emerge simultaiioously and they wdl be m coincidence Thus the natural 
d(?lay in the events can be known 111 teims ui the delay intr(,duced in the 
circuit. 

DeBenedetti and McGowan found isomenc states in Ta"'*’ (22 /^i-secs.) 
Tc^'^^ (0.65 /A-sec.), 'L'ni^‘’“ (i /i-sec ) and Tnd^* (2.5 /x-sccs ), using multivi- 
brators for iiitioducing the delay. Theii lesearches were cained out ai 
delays between lo"' to to “sec. Independently of Iheir woik, Ilirzel, v^loll 
and Wnfller (194^) have used the same method for the study of isomers in 
(70 /x-scc), Te’^*^ (1200 //-sec) The same method has been followed by 
Bunyan, Laundby, Waid and Walker (igpS 49) and their seaiches foi shoit 
period aclivilics has been extended to the region f)elween 3 x iu~'^ and lo" ' 
secs. Van Name fji.) (1048) has used the coaxial lines to introduce a delay 
instead of the variable ividth mnllivibialor. Recently, DuBcncdeltj, 
McGowan and Francis (]i) ^1940) have lejilaced Geiger Muller coiiiiler by 
anthracene scintillation counters and have increa,sed the limit of tlic delay 
to 10"^ sec. 

A N A I, y S 1 S O K T T RI R LAG T N C O U N '1' E R S 

The radiation from a radio-active source passing through the Geigei 
'Miiller counter produces a piimary ionisation. The electrons from the 
region of piimary ionisation travel to the region ncai Hie anode, vvheie an 
electron avalanche occurs, which thereafter travel along the length of the 
cenltal wire. This process takes a short time of the order of inicroseeonds 
depending on the geometry of the counter and the nature of the gas in tlic 
counter, thus introducing an intiinsic Lime lag between the ionising event 
> and the registering of its Gleet in' the recouling circuit. Uhe time' 
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countors was noted by Montogoineiy and Monto, joinery fry, -jo) and its elTccl 
on coincidence measureiiit^nls was taken into consideration by Rossi and 
Neieson (1912). riie relation between the initial radiation passins^ tlirouRli 
the counter and the coi responding ,ciid voltage rise of the lii.sl tube is 
statistical in nature, so that tlie time lag lietwt en the cause and the eflect 
follows statistical distrilmliou law Van JSiame ' lo^lb) explained liis observed 
results assuming the tune lag in eounteis to follon a triangiilai distiibutiou 
law This, however, seems to be too simplilied a ticntment Hradt and 
hcherrer (ig<;)3) found an agreement of the oliserved results by assuming 
Oaussian law for the distribution fuiiction of the time lag in counters. Tlicy 
used a comcideiiee airangement with a vanalile resolving time Btinyan, 
Laundfiy and Walker have assumed the same law and have given a 

niatlieinatical expression foi the piobability of dela^yed ccniicideiice. The 
authois (Nag, Sen and Clialterite, 1950) have earliei reported a general 
expression for the same In thi tolluvviiig section we have given a comiiletc 
analysis of the effect of tune lag in coiinteks in tlie lueasnremeiit of 
delayed coincidences, assuiiiiiig the (kuissian law We have shown that 
the Gaussian law is only an appioximatioii and has got to lie coirected to get 
the real ])icture. 

Let us consider the case of two exactly identical counters each followed 
by two channels A and li leading to a coincidence stage (Fig. i) In 

GMCOl/IVias OUCNCWhC WARIABir ofLAf A 



Fig. I 


channel A there is an airangement by wdiicb a lime delay can be introduced 
to the event passing llirougli that channel. We .issume Gaussian distribution 
of the time lag between the piimaiy ionising event and the occinrencc of 
the coi responding pulses at the input of the coincidence stage and consider 
that radiations liom a ladio' active souicc aie emitted 111 iiiiiiiediate 
succession and iiass tluungh both the connteis. bet /a and in be the aveiagc 
inherent time lags for tlie two channels and let a dclibertile delay ia be 
introduced 011 the puNes in the channel A. Let tlie Gaussian distiibutiou 
have a standard devratiun where /„ repiesciits tlie standard deviation 

of the difference betwx^cu the time lags of the tw’o counters. Let the pulse- 
widths of the channels /I and B I)e r, and which, for simplicity, will be 

taken to be equal to r 'I'liis will give a rcsolviug time of the order of zr. 

If now an event occurs at the counter leading to channel B at i=o the 
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probability that the corresponding pulse will be recorded at the input of the 
coincidence stage between time i and t + di will be, 



i^iinilarly for an event occuring in the counter leading to channel A in 
which the pulses are delayed by time /,/, the probalnlity of recording the 
pulse at the coincidence stage between time I' and i' + df’ is ; 



dV 


After a pulse lias reached the coincidence stage through channel B a 
coincidence will be recorded only if the pulse thiough the channel A yeaches 
the coincidence stage between time / — r and /Hr. riuts the probability of 
such delayed coincidences can be written as, \ 





£?/' (l) 


This is a double integral of surface elements di and di'. Uy transformation 
of the expression in terms of £ and i), wdicrc i — i + t' and = and dL.di' 
being given by the Jacobian 


d(/di, 

dC/dt', 


dij/dl 
dr}! dt' 


\dt:di) 


the value of the integral will come out as 



0 


It will be no loss of generality to take A — - o ; which is true wheu 
counters are identical, since this will only lead to a displacement of the curves 
along the ia-axis by an amount A, 

This expression has been obtained by Banyan ct al and we shall discuss 
certain objections which can be raised against some steps used in the deduc- 
tion of the equation (2). 
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lu equation (i) the limits of integration for i have been taken to be — cjo 
and + 00, whereas the limits should actually be t,i and + oo, for there can be 
no coincidence before the pulse through the delayed channel has reached the 
coincidence stage, that is, before the fixed delay time ia has elapsed This 
has introduced an error ni the value of ip (<,,) so that we have 

where in) denotes the corrected value of 

In Fig. 2, curves /I and /I stand respectively for the assumed Gaussian 
distributions in channels A and B and the points P and Q correspond 
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respectively to t = o and t = /,/. Hence the coutrilmtion to the integral in 
equation (i) which arises from the product of corresponding ordinates of 
the curves and B to the left of Q is actually the value of fj As 

td changes from o to 'V) the ordinates coming from B remain the same 
but those of the ordinates coming from .1 which make dominant 
contributions to the value of (-{I.;, (o)> inciease monotouically in the 
beginning, become largest when = then gradually fall tow'ardszero 

Hence tQ)<iiio, /(>) (3), foi sulficieutly large Id. 

het us for the present assume that U)) versus Id curve for some value 

of i'o agrees exactly with the cxperiiuenially determined (coincidence, 
delay) curve. Sujipose we now' fit a theoretical ^(ia) - curve to the above 
curve by finding a to such that 

i'io, to) = ^1(0, i'A 

Thus<-(o, to') = o but ip and ipi involve different parameters Iq and fg'. 
If ^0 and to' are nearly equal and the validity of the treatment resulting in 
relation (3) is assumed in this case also, it follows that the experimental curve 
runs below the theoiclical curve for small values of l,i and above it for large 
values of td, that is, for large (.i the experimental coincidence numbers will 
appear to lend to zero less rapidly than given by the theoretical curve. 1‘liis 
is exactly the result obtained by us and also by Bunyan aud others (1949)- 
The above discussion naturally loses much of its value, in fact e(t^, 
becomes always negligible, if the (Gaussian distribution is very sharp, that is, 
Iq is very small in comparison with But as there is no information on 
this point, we have no a-priori grounds to ignore the conclusions reaefietJ 
above^ 
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It iimst also be noticed Dial the distribution curves A and B (Fig-. 2) 
should ni no case extend to the left of P and Q respectively. This implies 
that instead of being symmetric Gaussian, the actual distribution is asyin- 
mcLric, possibly of the type shown in Fig. 3- But this will not alter the 
above conclusions to any significant extent, unless the natuie of asymmetry 
IS considerably different from that shown in Fig. 2- The actual distribution 
111 counter can in principle be investigated and an analytical expression for 
the distiibution function is being investigated. 

Next we consider the case in which a radio-active .source, instead of 
emitting instantaneous radiations, gives out radiations which are naturally 
delayed. This implies tliat the nucleus formed by the decay of the parent 
nucleus has a metaslahle stale with a decay constant A. The presence of a 
finite half-life of the iiitcnnediate miclens introduces in this case, another 
probability factor f(l) for the coincidence of the two cniilted radiatiojis. lyct 
the probability that a nucleus will disintegrate between time / and t\+di be 
fd). Then for a total number of nuclei N, the number that will disintegrate 

I 

in lime / is j f(l)dt. Fiom fundamental considerations w'c know this to be 
() 

and thus /(O = Ar"*' 

Tet us assume that the radiation which is first emitted outers the channel 
A aud that the following ladiation enters the channel 71 so that the prol)- 
abilily of delayed coiucideuce lor all disintegrations taking place between lime 
i" = 0 and = od becomes, 



exp. (~Ab, (4) 


It IS, however, equally probable, according to the symiiiclric geometry of the 
source and counters, that the first ladiation may cuter cliaiinel B and the 
following one to channel A. In that case, the probability of delayed 
comeideiice is 

cc 

'I's'A, („)= f 

0 . . 

(s) 
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Therefore the total probability of delayed coincidence is 

= + -i,) 

Kquatiou (6) can be written in the forju 

00 ^ 

0 u 

where K is a constant given by 2 /A. 

It can be shown that 

00 

l„)= J 

0 

= 0, for t,i =0. 

and 

AT'i'U, (,,)= J i 

0 

CO 

= A j + + 

0 

CO 

— 2^J c’~^^ , at t,i = o. 
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But since 


dta 


is negative, 


dia^ 


IS also negative. Because' 


U ) 

dtfi 


d^ 

zero and - — i,i} is negative at /./ “o and for all values of the parameters 
dt(i~ 

A, 1 q, t , it proves conclusively that l,i) is maximum at i,i~o in all cases. 
This is entirely expected from aprion considerations and later it will be 
shown that this expression gives a more accurate fit to the experiniencal 
curves. In the case where the geometry of the counters is not quite 
symmetrical but each of the counters can receive both radiations in diffeient 
proportions, the analytical expression is similar with some modification and 
can be written as 

^(A, f.,) = «'T'^i(A, f J + /i4^(A, -ta ( 7 ) 


where /5 arc the fractious of the total radiation entering the counters. 

It can also be seen that at/,f = o, eqn. (6) becomes '^'^(A, o) =’l'i(A, o). 
For all values of irf, ^^(A, /,/):^^J^(A, u), since 'T^lA, f^) is maximum at t,i = o. 

From this it can be shown that, J ^ ^ + 4 because 

^^j'A, 1,1) y til) 


a non -negative quantity, the expression, i. ... (8) 

^i(A, id) 'F,(A, 


3— X738P— II 
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This is a good check lor all experimental curves. 

1C X r K R I M 13 N T A I, A R R A N G B M n N 1' AND D J3 1' A I L S 

The schematic diagram is shown in Fig. (t;, and the circuit diagram 
in Fig. (4), The two G. M. counters arc placed symmelncally with respect 


VARIABIF DELAY CHANNEL 



to the source and a sufficient thickness of nialler is placed between them to 
cut down all /j-rays below energies 1.5 iiicv. The counters are exactly similar 
having a gamma detection efficiency ot about 0.2% and are 3" long and i" in 
diameter. The diameter of the central wiie is 5 mil. The 'counters have a 
Starting potential of 850 volts with a plateau of about 200 volts. The 
lengths of the counters arc specially made short to shorten the width of the 
pulse distribution of the countei and obtain sharp ])ulses (jf about o 25 
microsecond rise time. 

The pulses from the counters are taken through cathode follower quench- 
ing circuits and led to the input of the delay channel. A delay channel 
consists of an one-shot multivibrator with variable width followed by a 
differeutiatoi ciiciiit and then a second inultivibrator which shaii)ens and 
equalises the pulses. For each counter theie is one such delay ciicmt. 
The delay introduced in one channel is fixed and that in the other is vari- 
able. The former is called the “fixed delay chaDuel" and the latter the 
“variable delay channel”. The iiegativc pulse from the quenching circuit 
triggers the fiisL multivibrator. The consequent square top pulse is differ- 
entiated into two pulses, positive and negative, separated by the pulse-width 
of this multivibrator. The second multivibrator is triggered by negative 
pulse only and thus the pulse from the second multivibrator will emerge 
as shifted in time. The differentiator circuit consists of a small resistance 
*and a small condenser. 

The simultaneous events in the two counters after going through two 
channels separately will suffer a shift with respect to each other, This re* 
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lative shift between the two i-ulses can be varied by varying the pulse-width 
of the first multivibrator ot the "variable delay channel’'. Thus if the 
events causing ionisation in the counter have an iiilrinsic time-delay between 
tliernselvcs, that can be counter-balanced in the delay unit to record a coin- 
cidence, the delay between the events being given by the lime delay intro- 
duced in the circuit 

In the present arraiigeiueiil the equalising and puise-sharpeniiig muitivi- 
bralors have a imlse- width of 0.5/x second The first multivibrator of the 
"fixed channel” has a pulse-width of one microsecond, while that of the 
variable channel has a pulse-width variable contmuonsly from i miciosccond 
to 20 microseconds. The electronic resolving time of the circuit is 0.5 micro- 
second as measured fioiii the random coincidence counts. 

The output i)iilses fioiii the delay unit are led to the input of the coin- 
cidence stage followed by a discriminator circuit It can be seen f 10m the 
circuit diagram (Fig. 4) that the grids of 6SJ7, forming the coincidence 
stage, have been connected directly to the grids of the pulse-equalising mul- 
tivibrators, to minimise any fiirthei broadening of tlie pulses. The discri- 
ininatoi circuit which cuts off the partials is essentially an one-shot multi- 
vibrator set to be triggered only by positive pulses greater than a pre-deter- 
mined amplitude. The i)ul.ses from the discriminator are led to the standard 
laboratoiy scalar of 128 to be finally recorded in the mechanical register. 

It has been obseivcd that the output pulses of the multivibrator are 
somewdiat modified by the shape and size of the input pulses bringing in 
uncertainties in Uiggering the mullivibratois and changing the resolving 
time of the ciicnit Care has always been taken to minimise this. Highly 
stabilised power supplies have been used- At all stages, the pulses are made 
as sharp as possible and their amplitudes more or less equal. 

The delay time introduced in the circuit is directly measured in micro- 
seconds by comparing with the damped oscillation generated by the time 
marker circuit specially made for the purpose. As the pulses are very sharp 
(of the order of a micro-second) it is essential to have a special time base and 
intensifying arrangement. The diagram for sweep generator with intensify- 
ing arrangement and the time marker circuits is showui in Fig. 5. 

In the circuit 1^1 ( 6 vSN 7 ) is a multivibrator triggered by positive pulses 
fed from pulse generator. The rectangular negative output of the multivi- 
brator cuts ofl the curieut in the sweep generator valve Vn ( 6 SJ 7 )- The 
anode voltage ot the 6SJ7 therefore rises exponentially — the condenser o oui 
nifd. being charged through the 31^ kilo ohms anode resistance. This is 
applied to the X-plates of the oscillograiili and produces the horizontal sw'eep. 
The diode 6116 limits the rise up to a voltage set by the 100 kilo ohms poten- 
tiometer- Above this voltage, the diode conducts and prevents furlhei i ise 
of voltage, 'riie movement of the cathode-ray beam is therefore bi ought 
to a halt at this point. As the rectangular pulse of the multi vibiator ter* 
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minates, the 6SJ7 lube conducts again and the 0.001 nifd. time base conden- 
ser discharges through it bringing the spot to its original undeflected posi- 
tion. The lime base therefore produces a fast forward sweep, comes to a 


+3301^^73 ■* GENERAIOR SWEEP GENERATOR 



stop suddenly as this is cotiiplclcd, remains in this position for sometime, 
returns back rapidly, remains waiting for the arrival of the next triggering 
pulse when it repeats the cycle. 

A small positive voltage is developed across the 200-ohm resistor in 
series with the o 001 mfd. time base condenser because of the current flowing 
through it in the forward stroke of the time base. Tliis is amplified by the 
two stage resistance coupled amplifier F., (6SN 7) and applied to the grid of 



Fig. 6 
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the oscilloscope cathode-ray tube. The ‘^brilliance control’' on the oscillos- 
cope is adjusted to normally cut off the beam entirely. The beam is switched 
on by the amplified positive voltage at the forward stroke only. Thus the 
phenomenon only on the short rapid forward .stroke is presented, at other 
times the tube remains dark. 

Simultaneous with the generation of the rapid forward swx^ep, the 
positive pulse from the other tube of the multivibratoi “.shock excite ’ a 
‘medium wave” tuned circuit generating damped oscillations at a frequency 
of I Mc/s. These may be applied when desired, to one beam of tJie double 
beam oscilloscope and n.'^ed a.s time marker 

vSharp pulses from a pulse generator (Uanerjee, iQ/is) are intioduced 
simultaneously through the delay channels and the output of the delay 
channels arc connected to the two vertical plates and the lime base voltage 
is applied to the horizontal plate of the double beam oscilloscope (Cossorj, 
The time separation of the two pulses on the oscilloscope screen is then 
measured in comparison with the damped oscillation on the same as shown 
in Kig. 6. 


It X V F, R I M K N T A L R K S U h T S 

The experimental results have been shown in Fig. 7, where coincidences 
per minute are plotted against time-delay in microsecond for cobalt (6o) and 
titanium (46). Cobalt (60) (Mukherjee and Das, 1948) is known to emit 




4^0 


B. D- Nag, S. Sen and S. Chatterjee 


two gamma rays in itnmediate succession without any delay and is thus a 
convenient source for calibrating the counters and the electronic circuits. 
The cuive obtained for cobalt (6o) is due to the normal pulse distribution 
of the counters. The logarithm of the coincidence counts per minute 
(random counts being subtracted) against time delay in microseconds is 
plotted for titanium (46) in the same figure and from this, the half life of the 
isomeric stale is found to be 13.2 ±0.8 micro-second, without the correction 
for the pulse-width distribution of the counter. 

In Fig. 8 are given the theoretically computed curves from equations 

(2), (4), (5) and (6). For cobalt (60), is plotted against time delay /w. 

i'io) 

It wuil be seen that the exiierimciilal ciiive appioaclies more slowly than the 
theoretical curve. This is, as explained earlier, probably due to Ih^ iiou- 



Gaussian nature of the distribution function of the lime lag in counters. 
It is found that for a family of curves, with different values of i(\, the best fit 
with the experiiiienlal curve is obtained with a Viiliie of /g = 1.13 x 10”'’ 
secs. 

For scandium (46), is plotted against and for fg = x 10“" 

secs, the best fit with the experimental value is obtained for A = 5.7 x lo** sec“'. 
This gives a half life of 12.15 ±0.2 microseconds. The error is calculated 
from the difference of the two extreme values of A. for which the curves just 
touch the experimental points. 
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The two functions in the expression (6) are plotted separately for 

titanium {46) excited state and the resulting curve - , it will be found 

wlA., 0) 

(in Fig. 8), lies on the expeiimental points. As we previously expected 
'F(A., t.) . 

— V maxim um at t,i ~ o. 

W(A, o) 

Bunyan, lyauiidby and 'Walker (ig^o) have also calculated the 
probability for the delayed coinchlence and their expression is similar to 

b/J of our case. In their case^ the expression ^ /,,) is not zero at 

dta 

by = o and so l,i) is maximum at some positive value of and not at 
This is justified because Bunyan d al in observing of — (S and (^ — y coincidences 
have used proportional countcis to detect « which does not detect (3 and 
proportional counter sensitive only to P and not to 7. So the probability 
that the first radiation may enter channel B and that the following radiation 
may enter channel A, does not arise. But foi all general cases including 
y-y coincidences the complete expression for probability ivill be given by 
equation ^6). 

It has been mentioned earlier that equation (S) is a good check for all 
the experimental curves. Using this check for the published curves of 
delayed coincidences against delay time, it is found to agree in all cases, 
except in one (Fig. 3 of Bunyan ci al, 3949). Probably some errors were 
made in the time co- ordinate. 

The maximum energies of the betaparticles in course of the disintegration 
weie deternnned by the absorption measurements of beta-rays, using 
aluminium absorbers for which a thin source was mounted on aluminium 
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foil. Ihe semi-log plot of the number of counts per minute against thickness 
of absorbers of aluminium in gm/cui^ is shown in Fig. 9. The strength of the 
source was 100 micro-curies initially. The absorption curve shows the exis- 
tence of the two groups of beta-rays and confirm the results obtained by Walke 
(19/I0) and Peacock and Wilkinson (1948). The energy maxima of the two 
groups as determined by Feather plots are 0.34 mev. and 1.52 mev. These 
values are corrected for the window thickness for the counter and the errors are 
due to scattered electrons, thickness of the source and in counting. The total 
number of counts taken for each point is 10,000. The errors introduced in 
counting and self -absorption are estimated as ±0.006 mev for low energy 
beta-ray group and ±0.015 mev for the high eneigy beta-ray group. 
Absorption curve for RaF in equilibrium with RaD and its decay products 
has been used for the Feather plot. The proportion of the two groups of 
beta-rays have been calculated assuming the efficiencies of our counters to be 
same for the high and the low energy beta-rays and calculating thA areas 
under each of the absorption curves extrapolated to zero absorption.'^ The 
number of disintegration in the low energy beta-ray group is found to be 
97 7% of the total number of beta-rays, coirectious if any, due to scattered 
electrons from gamma-rays are not taken into account. 

Coincidence experiments between ( 3 -y and y-y were performed with 
various absorbers between the source and the two counteis. p-y coincidence 
experiments were performed with an aluminium absorber in front of tlie 
/^-counter to cut olT / 3 -r'ays below o 36 mev. and absorbers in front of the 
Y-ray counter wcie changed to obtain the decrease in coincidence counts' and 
hence to decide whether the 1.12 mev. -ray or 0.S9 mev. 7-ray was being- 
observed in the coincidence experiments The half-value thickness 
indicated a y-ray of energy less than 1 mev The number of coincidences 
between the high energy ft-ray >.1-5 mev.) and the following y-ray fo.89 
mev.) was 1-6 times that between two y-rays. Corrections for the y-couuls 
in the ^-ray counter were not made as the olxservalions were thought definitely 
conclusive that the o 89 mev. y ray was in coincidence with 1.52 mev. ^-rays, 
I'hirthei confiimation was obtained in the delayed coincidences, measurements 
111 u hich delayed coincidencc.s following the same-decay period were observed 
were observed between the 1.52 mev. ft-ray and the 0.89 mev. y-ray, as was 
observed between the two y-rays Observations on ^-/3 coincidences gave 
counting rates no greater than the accidental rate, after con ecling for the 
y-counls in the /j-ray counters. Taking the efficiencies of the ^-ray counteis 
into account and the numbeis of y-rays counted by these counters, the 
proportion of the high energy ^-ray is estimated as 2.2%, which is in accor- 
dance with absorption experiments. 

Wc repeated Peacock and Wilkinson’s observations and confirmed 
that the ratio of the intensities of the two ^-rays was observed to 
remain the same over the period of observation which was about one 
half-life (85 days). Our conclusion is that the high energy electrons of 
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TuaKUiium energy 1.52 mev. is due to a beta-disintegration of the same state 
of scandium (46) that emits the low energy beta-rays of inaximuin energy 
0.34 mev. This agrees with the observations of Peacock and Wilkinson 
(1948) regarding the energy level scheme. 


n I vS C U S vS T O N 


Sc^“ decays to Ti^" by a complex process which is illustrated in Fig. 10. 
The composite half-life is 85 days and the end-eneigies of the two 



PROBABLE SPIN 
Values 

1 2 

2 3 


4 4 


0 0 


/^-disintegrations arc 0.36 and 1.50 mev. respectively. If the disintegration 
constant be determined by and the probabilities of disintegrations 
of the low and high energy rays respectively, then we obtain, 

Ai : Aj^ ratio of activities=42.5 
and A^Aj + Ao. 

From these we obtain ^1 = 7.5 x 10“ secs for 0.36 mev. /3-disiiitegration and 
fa = 3.2 X 10" secs, for 1.50 mev. ^-disintegration. This is^explicable in terms 
of selection principles. 

The values of for the two transitions are computed from the equation 
given by Konopinski (1943)- 

For iS-disintegration with end energy 0.36 mev., we obtain /=o.25, 
1 = 7.5x10'' secs and therefore ' ft' ^ i.g^ 10'". The transition is of iB 
type. Using G-T selection rules we should have A/=o, ±i (no o->o). 

Similarly for /3-disinlegration with end energy 1.50 mev., /=43.5, 
1 = 3.2x10® secs and = transition is 2B (or higher B) 

type and AJ= +2, ±3 (no 
.-I— 1738?— It 
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Using Weiziicker foimula given by the spin 

difference (A/) between the ground state and the observed metastable state 
(■r = 12.15 X io“" secs.) of Ti^'^ has been calculated to be 4. 


If the spin of the ground state of IV® is assumed to be zero, the decay 
scheme of Sc‘'' in light of the informations obtained at i>resent may be 
indicated as in h'ig. lo. 


The conversion coefficient of 0.89 mev. gainrna-ray as calculated from the 
expression given by Daiicoff and Morrison, 11939) is found to be i.o^ x lo”'*. 
No detectable conversion electrons above the scattering background were 
obtained by us experimentally. | 

The isotopic weight of vSc'^'‘ is 45 96909 determined from tIie\Q of the 
d — p reaction of scandium (45) given by Davidson (1939). The \ isotopic 
weight of Ti^“ is known to be 45 9661. Thus we find that vSe^’’ — T^i^‘' = 2..i 
mev. This agrees with the total energy relea.se in /? and 7 transit'ions, as 
obtained from the energy level scheme, within the experimental errors of 
mass determination. 

In the nuclear chart aivSc'^® lies between aoCa*® and azTi^*'. The isotopes 
CV® and Ti*‘' are slable, their abundance being given as 0.0033 % 7-05 % 

respectively. Thus >Sc^'‘ may either transform to Ca'*® by K-capture or 
positron emission or it may decay to Ti"*® by electron emission. 


M. N. Saha and A. K, Saha (1946) have given, on the basis of Bethe- 
Weizticker mass formula, expre.ssions for the energy release in / 3 “ and / 3 '- 
disintegration and in K-capturc The formulae arc for a nucleu.s, /,M' 
(e. g. 2ivSc"“.) 

ir=--A-{Z,A)-)({Z,A) 

E^ = AHZ,A)~-x{Z,A] 

/A~£;+ + 2}n 

Here x is the spin dependent term, A~ and are given by the 
formukx*, 


,1- = o,766+ «:58W-^) 

^*=-1.788- 


where I = isotopic number = iV-Z (here 1=4) and /S is a constant whose value 
in this region is found to be between 19.5 mev, and 22.5 mev- 
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ApplyiiiR for Sc*® and taking ^ = 19.5 mev.> we easily get /!"=-- i.ii 
inev : since the observed value of £'" = 2.37 inev,, ^(22, 46) = — 3.4S mev. 

The value of A*= — t, 63 nicv., hence —0.15 nicv., i.e , there would 
be no positron emission. 

But 1 .02 - o.'15 = o. 87 mev., hence iv - capture is possible. We then 
have ^ 0.17. 

There is no evidence in previous observations about the transforiiiatiou 
of Sc*® lo Ca*" by positron emission. Waike, Williams, and Bvaiis (1939) 
obtained photographs of the tracks of photo-electron in the cloud chamber, 
and deduced that Sc*® decays to Ca*® by K-capture Meitner (1915) also 
deduced that Sc*® decays by K-captuie to Ca’®. The latio of K -capture to 
/i” — emission is given as 3 i 2 But the rcsidts arc stated to be preliminary. 
We have not been able eithei to prove or disprove the existence of K-capturc 
oil account ot the small amount of Sc*® at our disposal 

The source used was scandium oxide irradiated by neutrons and prepared 
for us by the atomic energy establishment at Harwell, IT. K. 
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A TRIGGERING DEVICE FOR ARC DISCHARGE LAMPS 
USED IN CLOUD CHAMBER PHOTOGRAPHY*^ 

Uy liANJlT KUMAR DAS 

{Received foi publication, Sept. 6 , 1050 ) 

ABSTRACT A new ti igfferlng ciicnit is desenbed The circuit has been designed 
for the speciljc purpose of cloud chamber pliologi apby In addition to its normal function 
as a triggei, it effcLtivel> controls the recpiiMte time dcla\ between the passage of a cosmic 
ray particle and its subsequent illumination for photography. 

IN TR 0 DUC T T 0 N 

Kvery cloud cliambcM' worker is fully alive to the vital iiuportaiicc of a 
powerful light source for monieuiary illunimatiou of the sensitive volume 
of the chamber. Until lecenl years, the illninination was provided almost 
exclusively by the simultaneous supercharging of several low voltage 
(usually no volts) electric glow lamps at a higher voltage; carbou arcs 
and various high voltage transformer-operated devices, such as, the mercury 
pool arc discharge lamps, were also used. These latter tubes, though 
satisfactory sources of illumination, are rather troublesome in that they 
require pre-heating of mercury lo produce sufficient mercury vapour before 
an arc discharge can be initiated. The introduction of modern Kr-Xe filled 
lamps has ushered in a new eia in the technique of cloud chamber photo- 
graphy. These tubes provide an intense momentary illumination rich in 
photographically useful wavelengths- I'liey require a sharp high voltage 
pulse on an external electrode for the initiation of the arc discharge. The 
few triggering devices found in the literature utilise some variants of the 
basic triggering circuit developed by Edgerton (1931, 1937,) 
Germeshaiisen (1935). circuit and its variants employ the rather costly and 
bulky high power thyratrons FG 17, FG 67 etc. in association with one or 
more ionization transformers. Apart from the high cost, the local non 
availability of the requisite high power thyratrons has led us to develop the 
triggering circuit described in this paper. This circuit, besides having its 
primary function as a trigger, serves aiiothei very useful purpose in 
conjunctiou with the cosmic-ray pulse recorder circuit which will be described 
in the setiuel. 

Til FOR Y OK THl: TRIGGKR CIRCUIT 

tt IS well known that whenever an inductive circuit, of inductance L 
say, is associated with a current variation dijdl in it, an E. M -F. c — ’-L dijdi 


Cotuinuiiicatcd by Prof. M. N. Saha. 
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is developed at one of its teiniiiials. The greater this time rate of 
current variation the larger is the magnitude of the M. 1^. developed. 
Jn the present circuit this time rate of decay current has been highly 
augmented by the extremely shar]i stoppage of the current through an 
inductance L in senes with the plate of an S07 tube. The abrupt current 
stoppage has been made possible by the use of a very sleejily descending 
wave-front of nearly rectangular pulse generated by a propeily adjusted 
multivibrator unit. 


T n 10 c 1 R c tT I 'j' ( ) i‘ p: ration 

The portion of the circuit williui the dotted rectangle in Ing. i is the tri- 
gger ciicuil propel. '^I'ubcs 7'j and T., constitute the iiiultivibiator unit. When 
a negative pulse of jiropei magnitude ai rives at the iiiLmt of the tube T^, 
the inultivilirator, by its cumulative feed-back eflecL, generates an aj^pioxi- 
inately rcctangiilai pulse at the output with steejdy ascending and dCvScending 
sides. The length of the pulse is chiefly deteriiiincd by the Tecd-back 
condenser C\, and the voltage'^swing is nearly the full pcjtential applied \to it. 



Schematic diagram of the tiiggcr circuit. 

C'i = C-2= 001, Cj = C(,= 1 , Q-.oi, € 7 = 005, C’B = r(j~io- 

Ri = Rj = f\4==R.j-Ri(i = 1(1^, iv« - .^5 lo**, Zvg~ 1 lo*, Z\7 = io'’, A’a-s-io' 

A*n' -Jo.io'k Rji-io*'. 

Pi, Pi, platc.s of cuiucideijce pulse amphfieis, 

Ti-T>pc 57, 7’i}-hSj7, 'J j-OVOj S07 

(Ml resistances aic 111 ohms and cajiacitunces in miciofaiads). 

This rectangular output pulse gciiciated by the multivibrator actuates a 
similar current pulse in the jflate circuit of the biased tube 807, Due to the 
extreme steepness of the voltage pulse, the cmreiit through llie inductance L 
in the plate circuit of the 807 lube is abruptly cut off and the coiisequeiu 
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high time rate of decay of the plate ciineut generates a inomenlary voltage 
pulse L iUld(, the magnitude of which exceeds a few thousand volts, 
depending on the iuductaiicc of the coil and the scieen grid voUugc of the 
S07 tube. This pulse is sulTiciently laigc to trigger the Hash tubes. 

I) 1 S C U S S 1 O N 

In cailiei works we used a 6h6 tube in series with the trigger coil. The 
circuit worked satisfactorily tor the first few months, v^ubsequently, however, 
troubles developed in the form of sparking between tlie plate and cathode 
and, as a result, the rciiuired triggering at the ilasli Lube did not occur. 
With the 807 tube this difiicnlty was completely overcome and the triggering 
was cent per cent successful. With new Hash lubcss the triggering coil 
might convenieutly be an air cored L. F choke. Bat as the tubi aged more 
and more hard Inggering was necessary and an iron-cored 1^. K choke 
served the purjiose (luite satisfactorily. It was found convenient to use an 
iron-cored choke right from the beginning 'fhe length of the wire 
connecting tlie copper trigger jiropei to the coil was found to have a definite 
bearing on the performance of the circuit. For wiie lengths exceeding an 
optimum value, praclically no iriggeniig was obtained. Further, unlike in 
other triggering practices, the output triggering voltage pulse could not be 
led along two channels to operate two flash lubes simiiUaueousiy. With 
aiipareiitly oijual lengths of connecting wire it was foutid that sometimes 
one and soiiietiincs the other lube flashed. The number of times both the 
lubes Hashed siiiiultaiieously was praclically negligible. This preferential 
behaviour of the triggering pulse could not be ex])laiijcd on any known 
giound. One possibilit}'' suggested that there is some iiiliereiit difference 
in the construclion of two a])parenlly identical flash tubes (Type h'T 136 
hit. G. K. C.). 

One peculiarity of the above circuit is that contrary to usual practice, 
the negative iuiml pul.se is fed to the su[)pressor grid rather than to the 
iiorinal control grid of the tube 7 \. This is necessitated by the fact that 
with the normal control grid the miiltivibralor becomes extremely sensitive, 
.so much so, that the slightest voltage vaiialion ai the input (m this case a 
little over 1.5 volts) trips the circuit This is highly undesirable for the 
sjiccific imriiose at hand The flasli tube is expected to illuininale the 
sensitive volume of the chainbcr ouly when there is real synch roiii/ati 011 
with a lecordable event. Any spurious flash means wastage of photographic 
films and the risk of snjicrpo^ed exj^osuies. By shifting the input channel 
to the suppiessor, the multivibrator has been made insensitive to any input 
pulvse less than “-32 volts. In this way the number of spurious flashes 
due to electrical pick-ups lias been reduced almost to nil. 

To synchronize a flash with a recordable event in the cloud chamber, the 
trii^ping in the trigger circuit is done by the coincidence pulse from the 
common plate rcsistoi K13 of the parallel connected amplifier valves. This 
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pulse is positive in sign and lequires a reversal of sign before it can operate 
the trigger unit. This sign-reversal is done by feeding the coincidence 
pulse to the input of a normally biased tube Tp A pulse of current flows 
through the plate circuit of the amplifier and a negative voltage pulse of 
more than 150 volts is obtained 

A great advantage of the cheuit is that the requisite delay between the 
passage of a cosmic ray particle through the chamber and the subsequent 
flashing of discharge tubes can be efficiently controlled by manipulating 
the capacitances C, and C,. in the multivibrator unit. 
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PHOTOGR^PH\C mULS\ON STUDIES OP THE 
L^T1TUDE EFFECT 

By K. B. DtXTT 

(Rcfctucd /or l>7ibliratioii, ScfHembcr, r6, ig^u) 

ABSTRACT. Nuolcar enmlsiniis exposed and studied umler identical conditious exceiH 
for a change of 30" in Mie magnetic latitude show a .significant diffeicnce of about 43 pei cent, 
ill the number of .single tracks f > too/*) 'J'he experiiiK uts appcai to suggest that the causes 
which produce the stars and the singles (>3 oom ) at an altitude of 2200 in are independent 
of one another. 

Nuclear emulsion 50 /r Ilfoid. C 2 plates were exposed simultaneously 
for about 15 days, near Oolacamund and near Simla. The plates exposed 
simultaneously at the two places, were from the same batch inaniifactuied 
at the same time Alter tlie exposures were over, the plates from the two 
places were brought to Bombay by rail and processed logcthci within a week. 
During the exposure the plates were wrapped in a black paper, and kept 
m a light-tight cardboard box, which in its turn was kept in a thin tin box 
hermelically sealed. The plates weie kept horizontal dining the lime of 
exposure to the cosmic radiations For processing the jdates the standard 
Powell technique was used. After processing, the plates were scanned 
with a hiiiociilar microscope at a magnification of 320. I his magnification 
enabled us to note all the details and at the same time maintain a leasonable 

scanning speed. More details were observed with a higher dry magnilication 

and also with oil immersion. Photomicrographs of interesting events were 
also taken. To main tain uniformity and remove all personal differences in 
scanning, the materials exposed siinullaneoiisly at Ootacanmnd and Simla 
were scanned by the .same scanner. 

Scanning of a reasonable amount of eiiinlsion from each of three batches 
has been completed. From each group of plates exposed at one place, an 
area of about 70 sq ciii-s and a volume of about o 35 ml has been scanned. 
In all the total area scanned so far is about 500 sq ems and a volume of 
about 2.5 mis. 'rabies II to VII show the resulls of the scanning. Tables II 
and 111, IV and V, VI and Vll, lefer to pans of sinmUaneous exposures at 
the two places. h:ach pair of tables represents the re.sults of scanning by the 
same obseivei and represents compaialile data in choosing events mentioned 
in the tables, as due to cosmic rays, the usual iirecautions were taken and 

stais were excluded when stars up to five-fold did not have at least one ray 

longer than 60 /i. The singles included in the tables arc’ all longer than 
100 ju. This kind of selection may exclude from counting some events 
which may be due to cosmic rays flike the 20 fi short singles of Taylor, 
Bhabha and collaborators (1950I vve also observed a large mimber of such 
short singles in plates exposed both at Oolacamund and Simla but we have 
5— t738P— u 
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not studied them systematically so fai) but is not likely to include any event 
produced by the radioactive contamination. As our object in the present 
series of experiments was mainly to study the latitude effect by the use of 
photographic plates — as this technique has not yet been used as widely as the 
counter technique in the investigation of the latitude efifect— the above 
discrimination in favour of the true cosmic ray events, in selection, was 
considered most desirable. 

The information about the dispositions of the two places where the 
plates were simultaneously exposed is given in Table 1. 


XABIJi 1 



Ootaca inunrl 

Simla 

Geographic Latitude ... 

it"34'N 

3i”‘o6'N 

Geographic Longitude 

76 

77“Vk 

Magnetic latitude (Dip) 

6“ 

Ay 

Magnetic longitude (Declination) 

j ' 

l" 25 ' 

Altitude 

7300 ft. 

7280 ft. 


It will thus be seen that the differences between the two sets of observations 
could be attributed to the change in the magnetic latitude. 


Tablk JI 

Batch A, Exposed at Ootacamund. 

Area scanned 70.5 sq. cms. Volume scanned 0.35 ml. 


Bvent 

Total number observed 

Number in ml. per day 

3 fold 

5R 

11 

4 fold 


7 

5 fold 

33 

6.3 

6 fold 

2 

— 0.^1 

7 fold 


— 0.2 

9 fold 

1 

2 - 

— 04 

10 fold 

1 

— 0.2 

Stars with more f 

6 

— r.2 

than 5 rays 3 



Singles > lof) /u. 

7 A 9 

443 

Singles > jooo ju. 

5 

I 


Details of the extra long singles 

I — 1000 fi 1-4000 ju I- 1100 /i 1—6500/4 1-2700/4 
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T&BtE III 

Batch A. Exposed at vSiiiila. 

Area scanned 71.25 sq. cms. Volume scanned 0.36 ml. 


Kvent 

Total number ob.se] ved 

Number in ml. per day 

3 fold 

61 

10.7 

4 fold 

47 


S fold 

30 

6.8 

6 fold 

4 

— 0.8 

7 fold 

2 

U..1 

8 fold 

1 

•— 0.2 

9 fold 

] 

0.2 

Stars with more ) 

8 

1.6 


than 5 rays 5 

Singles > loo ii8vS 

Singles > 1000 /a 10 


Details of the extra long 

singles. 


1 — 1000 /A I — 1500 /A 2 — 1100^ 

2 “ 1800 /A I — 1200 /A 

I — rgoo fi. 

1 — 1300 fi. 

1 — 4400 fi 


Tablu IV 



Batch B, iCx posed at Ootacamund. 

Aiea scanned 71.25 sq. cms. Volume scanned 0.36 ml. 


Bvent 

Total iiumixjr observed 

Number in ml. per d.'iy 

3 fold 

53 

10 

4 fold 

32 

6 

5 fold 

J 9 

3 H 

6 fold 

2 

0 4 

8 fold 

i 

' 0,3 

Stars with more ) 
than 5 i ay i-. i 

3 

0.6 

Singles > 100 /u 

702 

13 -J 

Singles > looo n 

4 

— ' o.S 


Details o( the extra long singles. 


I -1200 f*. 


1-2700 fi 


I — 1700 /A 


1 — 3000 /A 
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Taui.e V 


Batch B. Exposed at Simla. 
Area scanned 70.5 sq. cms. 
Volume scanned 0.35 ml. 


Kvent 

Total mimljer obseived 

Nninbei in ml. per day 

3 fold 


y 

4 fold 

33 

6 

5 fold 

23 

4 5 

8 fold 

1 

' 0.’ 

Stars uilh more J 

I 

( 

0,? 

than 5 rays. 3 


1 

\ 

Singles > 100 M 

1083 

104 \ 

Singles > 1000 ^ 

0 

^ \ 

- .7^ 

Details of the extra long singV 

\ 

es 

I — 1000 /w 1-2400/1 4 — 1100/1 1 — 3900/1 2-1200/1 


Tabtk VI 


Batch C. Exposed at (.lotacamund. 

Area scanned 71 

.25 sq. cms. Volume scanned 0.36 ml. 

Hveut 

Total uniiiher observed 

Number in ml pei day 

3 fold 

41 

7.6 

4 fold 

30 

5-6 

5 fold 

10 

^ 2 

7 fold 


c». 1 

8 fold 

I 

0 .: 

12 fold 

j 

^ o..> 

16 fold 

I _ 

0.2 

Stars with more ) 

5 

^ 1 

than 5 rays. S 



Singles > 100 

753 

141 

Singles > 1000 m 

8 

' 16 


Details of the extra long singles. 

l-iSOOja 1-2000 fi 3-^700 1*- 


I - 2300 a 


I ~ 1900 jU 


1-3300 /I 
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It will be seen that tlic two places w'here simuUancoits exiiosiires were 
given arc conipai able in every respect, except for ^ change of dip of about 
39°. Further as the plates in one simultaneous exposure belonged to the 
same batch, were processed at the .same time and weie scanned by the same 
scanner, no significant differences could be expected to occur on this acrount 
N.B. : — The longest tw^o end m emulsion and have been identified as 
protons and their energies are about 30 Mev. and 40 Mcv. respectively 


Tahi.h Vll 

Batch C. Fvxposed a'c Simla 

Area scanned 69.75 Volume scanned 0 35 ml. 


ICvcnt j 

1 

'lolal lunnlirr *)bseived ! 

1 

Nuinbei in nil. per da} 

3 t«ld 1 


5.-! 

1 fuld 

-l.s 

5 

3 fold 

a.-* 

4 

0 fi)]d 

2 

o -1 

lo fold 

T 

1 

- o. 

Stnis willi moic ) 


^ o.h 

than 5 ray.s 5 



vSinglea > luo m 

1093 

195 

Singles > tooo ju 


5 


Details of tlic extra long singles 

2 — 1000/^ 1 — 2100/* -1 — IlOO/A 1— 230Cj/<. 

2-3600 /< 2-2400/* I — 1700 M 1-2700/* 

A comparison of 'rabies II to VJl will show a very significant difference 
in the number of singles O 100 /*) between the two places, 'I'lie ratio of such 
singles comes out as about 1.43 ± 0.04 This difference can be considered 
as real, significant and not statistical, specially as we are dealing with a very 
large number of singles and also as the number of these events does not 
show a great fluctuation from one group of plates to another group of 
iff ate s. 

Beets, Morand and Wiuand (1949) find with (I5 and C 3 + B plates a 
difference of 2.4 in the number of stars (> 2 branches) at an altitude of 
4500 m. between geomagnetic latitudes 44 "N and i^'S. This factor is 
deduced by them fiom observations made at 4500 m altitude in the 
geomagnetic latitude nl i"S and at an altitude of 347(^11 at geoiivagnetie 
latitude 44°N. By usuig the same mode of calculation, we can find out 
what tins ratio should have been if their observations were made at an altitude 
of about 2200 m., and we find that the result comes out at about 1.5, No 
great significance, however, need be attached to the similarity between the 
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value of Beets vt a/ and our value Their results at the two places of 
observation are not as strictly comiiarable as ours. Further the ratio 
determined by them was for stars (>2 branches), whereas, the ratio 
determined by us is for singles (> loo /x). The ratio of the number of stars 
and the number of singles is, however, nearly constant (Thomson, 1949) 
under the same conditions. 

According to Thomson (1949), some single tracks must be due to primary 
protons, but these are too few to account for more than i pei cent. (These 
are probably the extra long singles mentioned in Tables 11 to VII). Tracks 
from stars outside the emulsion amount to about to per cent, and the 
neutrons which presumably accompany the stars might be expected to produce 
about I per cent, by knocking on the protons in the emulsion. The remaining 
88 per cent., accoi ding to hill], must have some independent cause. Our 
results appear to indicate that this independent causative radiation is 
influenced by the magnetic field of the Kartli i 

According to Forster (1950) the number of heavy jiarticle tracks 
(singles) found in the emulsion .shows an exponential decrea.se with allitiide 
similar to that of star.s. From this observation he sugge.sts that the majority 
of single tracks found in the photographic emulsion originate in nuclear 
di.sintegrations (stars) jiroduccd in the neighbourhood of photographic 
plates. Tf we apply this suggestion ol Foistei to the majority of .singles 
( > 100 p. ) observed by us they will have to be reganled as ptirt of the stars 
produced in the neighbourhood of the photographic plates ; and we shall 
have to assume that such .star.s are produced by some radiation which is 
.sensitive to the magnetic field of the IXarth. vSuch an interpretation is 
difficult to reconcile with the view that the majority of star-producing 
particles at altitudes below 4000 iii arc energetic neutrons (page, 1950), or 
that only 17 per cent, of all stars are cau.sed by ionising primary particle.- 
(page, 1950). Our experiments thus appear to .suppoit the view of Thomson 
that the majority of singles ( > 100 ) is produced by some independent 

cause, and that this iiidcpeiidciit causative radiation is affected by the 
magnetic field of the Karth. 

Thu iNS'i'iTu'i'K ok SciicNCii 
Mayo Roau, Uomlay i. 
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ON THE ABSORPTION OF U.H.F. RADIO WAVES BY 
OPALESCENT BINARY LIQUID MIXTURES* 

Uv (MISS) ANJAU CHOUDHURY 

[Received 1 oi publiraium, Octobo 7, 29501 

ABSTRACT The absorption of ulti a high frequency radio waves in two opalescent 
mixtures, c.g , (1) nitrobenzene (so%)+hexnnc (50%) at iz]“C and (j) aniline (2l6%H- 
rycluhexaiie (5-1%) at 3.^ have been nivestiguted in the frequency range 300-5*0 mega- 
cycles per sec. It has been observed that 111 each case a new absoiptioii peak appears cii 
the low-freijucncy side of the 01 iginal peak observed in the case of one cf Ihe pure ronsti- 
tiicnts having polar molecules There is also another peak in the position of the original 
peak, but its height IS much sniallcT than that in the pine liquid. Tt is concluded from 
these results that in the case of eaih of the two mixliircs the polar molecules fonii two 
l3pes of groups, iti one of w hich the nature of packing of the molecules is identical w ith 
that in the pure liquid and in the other type the molecules are more clo.sely packed. 

'I he neii-polar molecules of the solvent do not seem to be able to penctiate into these 
groups of polar molecules. It is pointed out that this method gives definite information 
regarding the change in the ititcrniolecular held which takes place with the mixing up of 
polai molecules amiIi non-polar molcuiles and fnrnishes definite iiifurmaHuii rcgai ding the 
compo.sitiori of the gioups formed 111 opalescent niixturc.s 

1 NTRO DITCTION 

It was first sl’cHvn by Krishiiaii (i935rt) that the value of p/, observed 
in the case of the light scattered IruiisvervSely by opalescent binary liquid 
iiiixliirc.s IS different from unity, although in llie case of clear solntioins the 
value IS unity. This discrepancy was explained by Krishuan on the 
hypothesis that in the clear i-olntion the sealteiing is due to single molecules 
whereas, 111 the opalescent mixture it is due to clusters of molecules. It was 
also assumed that the size of the cluster changes with the change of tempera- 
ture of the opalescent niixtuie and at temperatures far away from the critical 
tempcraluic, al wliicJi tlie inixUire shows opale.sccucc, the groups vanish. 
These light scattering data only show- that there is local fluctuation in 
density in the mixture owing to the pnesence of small elemcnlary volumes 
larger than single molecules and of such coinijosition as produces hetero- 
geneity in the elementary volumes. No infonnation regaiding Uie actual 
composition of elementary volumes or groups of molecules can, however, 
be obtained from the light-scattering data excepting the fact that the 
scattering is due to ellijisoidal particles of size not very small in comparison 
with the wavelength of light. It has, how'ever, been shown recently by 
Sirkar and Sen (igtgal and also by Sen *1949) that the anomalous absorption 
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of ultra high frequency radio waves observed by Drude (1897) and other 
workers is exhibited by many oigauic liquids and polar molecules if the 
temperature of the liquids is suitably adjusted and a suitable range of 
frequency of incident ladio waves is chosen It is well known that applying 
Debye’s theory, we can find out from the frequency of the absorption peak 
the viscous foices acting on the indivudual molecules. Since these forces 
are lu'orluccd by the surrounding molecules, comparison of tlic position of 
the absorption peak observed in the case of llie pure liquid with that observed 
in the case of the o[)alesceiit mixture gives us an idea of the change wliicli 
take.s place 111 the intermolecular foices on mixing the liquid with another 
liquid to form the binary mixture. This method is thus suitable lor study- 
ing the nature of inlennoiecular field acting on the individual polar molecule 
in the opalescent binary inixtiiie and is expected to furnish definite informa- 
tion icgardiiig the composition of the gioups of niolccnles whicll are 
lesponsiblc lor the opalcscene (»f the inixtiire Jl has, thcicfore, been decided 
to study the absorption id T) II. P' radio waves m a large immbci of opalescent 
binary lir)uul mixtures in order to find out the iialnre of the clusters of 
molecules formed in the mixture, and lu the present jiaper Jesuits obtamed 
in the case of two such mixtures have been discussed. 

li X p n R I i\f ic N 'r A L 

Idle ex[)enmeiital airangemcni lined in the present investigation is the 
same as that described by Sen (1050). The mixture studied are uilrobenzeue- 
liexane, and aiiilinc-cyclohexaiie. In the loimcr case the mixture contains 
equal weights of the two liquids and 111 the latter case it contains 46% by 
weight of aniline and 5')% ol cyclohexane ddie nilrobenzcne-hexaiie 
mixture shows opalescence at i4“C while 'lie Ollier mixtuic is opalescent at 
34. 5 "C. In the second case icinpeiatuie of opalescence menuoned by 
Krishnaii (i935id ib but it was found that at 3n‘'C the liquids quickly 

separate from each other, the heavier one .settling at ihe botlom, whereas, at 
34 5'^T.' no such separation takes place Coiistant-lemneratnre baths were 
used to keep these mixtures at the tenip.Talures ot o[)alescence. During the 
cxiieiiment, hrst, an empty bottle identical with that used to contain the 
mixture was placed between the oscillator and the detector and the reading 
in the delcctoi at resonance was found wuh tins enqity bottle placed as 
the absorber. The bottle was then rejilaced by the. bottle containing the 
opalescent mixture taken ofl from the constant-tempcratuie bath. The 
detector was adjusted again for resonance and the lending was taken very 
quickly, so that the temperatine of the mixUiie did not alter appreciably 
during this short period. This process was repeated for different frequen- 
cies of incident radio weaves and also foi the two opalescent mixtures. The 
absorption exhibited by pure nitrobenzene at by pure aniline at 14®C 

and at 34” C and also by clear solution of nitrobenzene in hexane at 3o°C 
was studied in this way in the frequency-range 300-510 mega cycles per sec. 
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The values of the attenuation co efficient calculated from the ratio of 
the reading observed in the galvanometer in the detector circuit with the 
empty absorption cell as the absorber and that with the absorption cell 
filled with the mixture or the liquid, as the case may be, as the aTisorber are 
given in Tables I and II. In calculating the attenuation co-efficients in the 
case of the mixtures, a thickness ecpiivalent to the proportion of the liquid in 
the mixture has been taken- The values have been plotted in figuios i and 
2 to show graphically the changes in the position of absorption peaks. 


Table 1 

Nitrobenzene + n-hexane mixture 



Pitre liq. 

al 14 ®C. 

Mixture at 14 ”C 

Mixture at 3o°C 

Frequency 
in Mc/scc. 







hH 

Alten. 

cieff. 

h/I 

Atteii 

coeff. 

hU 

bitten, coeff. 

.sn> 

6.0 

.461 

1 82 

•3t-'9 

? 0 

-357 

ios 

6,66 

.488 

1.92 

.336 

1 87s 

.323 

500 

7 75 


2 0 

357 

1-875 

.323 

4 yn 

6.0 

461 

7 .go 

.330 

j 666 

.263 

48o 

3'42 

3^6 

1.70 

.272 

I 594 

.240 

470 

2.64 

.249 

' 1. 60 

,242 

1 575 

-234 

460 

1 2 33 

218 

i'.53 

.219 

1 5O2 

.230 

450 

2 33 

218 

T.50 

.2og 

1 534 

.220 

440 

2.10 

.101 

1.50 

.209 

1-527 

.217 

430 

2 20 

.203 

1 67 

.262 


.214 

430 

2.10 

.igo 

1 .605 

.244 

1-531 

.219 

4 it) 

1.76 

■145 

J.41 

.177 

1.526 

.217 

400 

r-7S 

.144 

1.36 

•159 

1-515 

.214 

39^^ 

173 

.142 

- 

1.36 

.159 

1.458 

.TQ4 


It can be seen from figure i that pure niUobenzene exhibits a peak at 
about 497 megacycles per sec. at .4"C, while at a6”.7C this liquid shows a 
peak at about 505 Mc/scc (Sen, 1950'. The value of the attenuation co- 
efficient at the peak at the latter position is about 0.3 while this value 
increases to 0.53 at i4“C. In the case of the opalescent mixture at 14 C 
again, there is a peak at 497 mcKacy-clcs per sec., but the height of this peak 
is much smaller than that observed in the case of the pure liquid at this 

■ 6— 1738P— II 
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Table II 

Aniline (46%) + cyclohexane mixture 


Frequency 
in rnc/feec 

Pure liquid at 14 ’C j 

Pure liquid at 34“. 5 C 

Mixture nl 34". 5 C 

hH 

Atten. coefl 

hn 

Atten. C'oeff. 

hn 

Atten. coeif. 

510 

I 55 

.112 

1-45 

.096 

i 19 

.096 

505 

1.58 

.118 

1.44 

•093 

1.12 

.0'’J2 

500 

178 

.148 

1.42 1 

.090 

I. II 

.056 

490 

I 50 

.104 

1.36 

.080 

1.09 

048 

480 

1 36 

•079 

1.29 

065 

1.06 

1 -035 

470 

1.30 

,067 

1.25 

•057 

1 07 

\ -037 

460 

I 29 

.065 

1.25 

EO57 

J.u8 

\ 044 

450 

1.27 

.061 

I 23 

■053 

J.13 

\ 068 

440 

1.28 

063 

1.23 

■053 

1. 10 

■054 

430 

I 27 

.061 

1.22 

.052 

1.09 

.046 

420 

1.27 

.062 

1.22 

.052 

J.08 

.044 

410 

I 25 

•057 

1. 21 

.050 

I 07 

.037 

400 

1.24 

055 

Ib 71 

.048 

I.D7 

035 

390 

I 23 

.052 

1.20 

.046 

1 07 

.037 
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Frequency in Me /sec 

Fig. 2 

temperature. Another new peak, liowevei, appears in this case at about 
427 megacycles per sec. Iii fact, pure nitrobenzene at 14 “C also shows a 
veiy low hump at this position and this hump develops into a higher peak 
in the case of the opalescent mixture. 

In the case of aniline at 34°. 5 C there is hardly any absorption maximum 
ill the range 300-510 megacycles per sec, but the absorption begins to increase 
monotonously at 480 megacycles pei sec. and it seems that there may be a 
peak at a frequency much higher than 510 megacycles per sec. When the 
liquid is cooled down to I4°C an absorption peak at 498 megacycles per sec. 
is observed. In the case of the opalescent mixture at 34'’. 5 C, however a new 
peak at 447 megacycles per sec. is observed and the absorption begins to 
increase monotonously at 490 megacycles per sec. with the increase in the 
frequency of the radio waves. 

The results mentioned above indicate that in both the opalescent mixtures, 
of the total number of polar molecules certain percentage has the same time 
of relaxation as that in the pure liquid at the same temi 3 crature, but a 
considerable proportion of the molecules has a time of relaxation larger than 
that of the molecules in the pure liquid. vSince this time of relaxation is 
proportional to the product of the viscous force and the cube of the radius of 
the molecule, the observed increase in the time of relaxation may be due to 
an iucrca.se in either of these two factors If there would be association of 
molecules in these groups, the radius of the molecule would at least be doubled 
and in that case the increase in the time of relaxation would be very large, 
but the observed increase is too small to be accounted for in this way. Hence 
the VISCOUS force acting on the raoleciilc in these groups is larger than that 
acting in the pure liquid. It is to be inferred, therefore, that in the opale- 
scent mixture there are groups of molecules in which the molecules are 
of the same species and in some of these groups they are packed exactly in 
the same way as in the pure liquid, whereas, in others they are more closely 
packed, so that the viscous forces acting on the individual molecule are larger 
ill the latter case than in the former. The molecules in these groups arc 
however, free to oscillate with the incident electromagnetic field- 

It can be seen from figure 1 that the in the case of clear solution of nitro- 
benzene and hexane at 3o‘’C, there is practically no absorption-max imu% ill 
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the range 390-510 megacycles per sec. The absorption increases a little at 
410 megacycles per sec., remains almost constant over the range from 420-480 
megacycles per sec and then increases rapidly at higher frequencies, showing 
that there is a peak at frequencies above 530 megacycles per sec. These 
results show that when the molecules of hexane intermix with those of 
nitrobenzene to produce a solution of uniform composition the time of 
relaxation of the nitrobenzene molecule diminishes appreciably and conse- 
quently the absorption peak shifts to higher frequencies. This shift again 
is not due to breaking up of associated groups of molecules iu the solution, 
because in that case the shift would be much larger than what is actually 
observed. vSo the shift is due to diminution in the viscous forces. Thus it 
is clearly demonstrated that the study of the shift of absorption peak in this 
U- H, F. legion gives us an idea about the change in the intermolecnlar 
forces in the mixture. | 

The arguments put foitli above show that in opalescent mixtures, 
molecules of Llie constituent liquids do uot mix with each other, biit those 
of each liquid form very small elements of volume and such volumes disperse 
in the whole mixture in such a way that a hetcrogeniety in the density is 
created. The opalescence is produced by this heterogeneity. 

Tuciden tally, it has to be pointed out that the absorption curves for the 
pure liquids at different temperatures obtained in the present investigation 
confirm the hypothesis put forward by Sirkar aud Sen (19496) that with the 
lowering of temperature the absorption peak becomes sharper and its height 

increases. , 

A C K N 0 W h n r, M K N T 

The authoi is indebted to Prof. S. C. Sirkar for his kind interest and 
guidance throughout the i/rogress of the work. 
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FINE SIRUCrURE IN THE EAST- WEST COSMIC-RAY 
INTENSITY AT LAHORE (X = 22“N), INDIA* 

By dm park ash 
Part I 

(Hi'cctved loi Imhliiatidii, Aunml j), 195(1) 

ABSTHUCT 1 ‘hi paper di'als with the liiie-strucliire measurements taken at lyahore 

22'’Ni m ig, ^7 and their statislicat analysis l»y the melhod developed l)y Warieii. A 
triple cohieideuce telescope, eonsistinR of three nitcinally (.[ucnched G. M. counters, 35 cm 
long, 3 5 cm in diameter, vnth a distance of 23 cm between the exticme counters, has been 
employed The intensity measurements have been made in both the eastern and vicstern 
azimuths from 0-43” at 6 degree steps 

The results indicate a possibility el the existence of the negalive primaries Ilowevei, 
to have a significant decision about this point we need more data The presence of silicbii 
baud 1x3.2 H evl in the primary cosuiic-ravt. is definitely sh xwn, its edge extending to about 
at” m the ea.st of the zenith This supports earlier experiments hy Millikan and his co- 
workers in India and the banded nature of the piimary cosmic-rays. 

A comparison between our results and those of Schremp and llanos, at Mexico, 
(A = 29'’N) shows a striking similarity as regards the west-exist excess Any divergence 
has been traced to be due to the difference in latitude of the two places. The oxygen band 
(7.5 U ev) and the nitrogen band (6,5 R cv) which are effective in the western azimuth at 
Mexico do not sShow up at I/ahorc, and this explains all the difference.^. The work brings 
out the importance of .such measurements and emphasTses the need of men e extensive 
observafious at such latitudes with coordinated programme. 

INTRO DTTCTION 

Ou the cousidciations of the banded nature of penumbra (/. fi. regions 
of allowed and forbidden energy bands) Scbieiup (1938; stated that for 
intermediate latitudes (io“-4o"), the penumbra will exhibit its most important 
aspect, giving rise to a highly anomalous behavioui ot the directional 
intensity distribution of cosmic-iays. The theory of this anomalous intensity 
distiibiitioD, termed as 'Fine-structure’, involves the geo-magnetic effects 
on the primary energy spectra at infinity and the absorptive effects on their 
passage through the atmosphere. Both of thsese effects account for the 
prominences and depressions observed in the zenith anglc-inteiisily 
distribution curves. 

The first experimental evidence of the existence of fine-structure canic 
from the work of Cooper (i039» 1940) and Ribner (1939), at Missouri (^-49®) 
and from the extensive work of Schremp and Banos (1940, 1941) at Mexico 

* The data of the present work wore collected at Lahore in 1946-47, 
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Cooper (loc. cit) found three approximately symmetrical prominences {i.e., 
increase of intensity over the normal cos’s {2 = zenith angle) distribution) at 
2 = 5 — 10®, 20® and 40® and Ribner {loc. cit) obtained one pair of symmetrical 
prominences at 20® both in the eastern and western azimuths together with 
an indication of ])calvS in the neighbourhood of 10® and 40®. 

Vallarta (1Q39) has emphasised the importance of such studies, as they 
can be useful in the analysis of primary cosmic lays, their energy spectra at 
infinity and their behaviour on the passage through the atmosphere. In 
addition, this type of study can help in the elucidation of the hypothesis of 
atom-annihilation energy bauds present in the inimary cosmic radiation. 

JNIillikan (1949) has shown that the silicon band of energies should 
appear vertically at 20®N in India. Millilyan (1Q47) has fuiLlier stated that 
so tar as India is concerned, this hypothetical band may properly be said; to 
predict and explain both qualitatively and (luaiititalively the latitude ( and 
other dircctionalj cfTects. The existence of Uiis band was shown from a 
series of balloon flight.s made in India [Neher and Pickering (1912) ; Millikan, 
Neber and Pickering (1942)] during 1939-40, using Oeiger coimtcrs in vertid^l 
double coincidence. The most significant point, that was observed, was that 
within the uncertainty of rneasureinents, there was no change m the intensity 
of radiation coming in near the vertical from 3-1 7®N, while from I7-25®N, 
there was an increase of 21%. This increase was interpreted to be due to 
lirimary chaiged particles in the eiieigy range 15 down to 11 5 B cv, thus 
indicating the existence of the supposed Si band. It is seen that this band 
will be efTectivc at the latitude of Lahore (22®N) and should produce some 
observable effect in the easi-west intensity distribution. 

Fuitlier, as indicated above, Schrenip Hoc. cH) has (see also Blialta- 
cliarya, 1942) attributed thi.5 fine structure to the effects of penumbra. 
However, the most extensive work on fine structure at the high latitude of 
Missouri does not corroborate the above view'. liven if the effect of penumbra 
is not negligible, the azimuthal symmetry of the fine sinicUire, as observed 
at Missouri and Mexico, cannot be understood in terms of penumbra effects. 
Instead, it seems that the fine-structure is due to a discrete energy spectrum 
of primary particles showing up as a result of the 'main cone’ or ‘Full light* 
in appiopriale directions in the sky. Since the work of Johnson (1938) 
shows that the primaries arc mainly (or entiiely ) positively charged and 
since the most effective energy band at Lahore is 14 B cvT^aiiJ (corre.spondmg 
to the silicon band), the appearance of main cone should be a step-function 
* “i ’ the intensity being higher to the west where the primaries of the given 
energy are allowed than to the east where they are not. 

Realising the importance of these points and the information that can be 
obtained from the directional studies in deciding these, the present study 
of the fine-structure in the intensity distribution in the E-W azimuths was 
undertaken at Lahore (A. = 22°N). The importance of this work is further 
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shown from the fact that there is not much data of this type for these 
latitudes, the only work, existing, being of Schreiiip and Banos Hoc. cit.) 
at Mexico (ag^N). 

APPARATUS AND E X,P I? R I M U N T A U PROCEDURE 

The cosmic-ray telescope (Parkash and Sarna, 1948) used in the present 
work consisted of three intcrnaily quenched G. M. counters, 35 cm long, 
2-5 cm in diameter, mounted in parallel positions on a light wooden frame. 
The distance between the extreme counteis was 25 cm. The telescope 
subtended an angle of 11.3“ in the zenith, though as shown by Cooper 
hoc. cit.) the actual resolution is muclfi better than the dimensions indicate. 
For the present set-up more than half of the rays are incident thiough an 
angle of about 2 ‘’on each side of the mean zenith angle. The triple 
coincidences were recorded by a circuit (Parkash and Sarna, 1948) after its 
thorough testing for discrimination against doubles and liiugles. With the 
plane of the telescope in the magnetic meridian so that the rotation would 
be in |the local east-west plane ; the observations were taken at every 6“ 
intervals, ranging from 0-42® in the eastern and western azimuths. The 
telescope was alternately kept mcliued towards east and west at a particular 
zenith angle for about half an hour, and the process repeated. The total 
number of counts in each position was calculated and reduced to a common 
temperature and pressure of ao^C and 74.5 cm of Hg respectively. The 
probable errors were calculated as usual. 

results and DISCUSvSION 

At sea level, the zenith angle-intensity curve is represented by the 
square of the cosine of the zenith angle. Thus if To Is the vertical intensity, 
at any zenith angle ; 3 , then 7 ,=Z„ cos's and the observed anomalies are 
represented by A,:; = 7, — 7 „ cos*^:. As Cooper Hoc ai.) has remarked, it is 
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more convenient to plot the deviation Az or per cent Az for the empirical cos 
sqnaie curve against z than the zenith angle-intensity curve. This flattens 
out the distribution curve and shows any prominences. and depressions as 
o.scillaiory about a perfect cos square distribution. Table 1 gives the results 
of the present measurements. Fig. i is a plot of the percentage deviation 
Az against z. The arrows show the extent of probable' errors. 

Table T 


Fine-structure data in the eastern and western azimuths at I^ahore 
(22°Nj, India. 


Zenith angle- 
(■:), degrees 

Time in 
minutes 

Total number 
of counts at 
2o‘’Cand 74 5 
cm Hg 

Counts /min 
h ± pe 

lo cos 
±pe 

Az 1 pe 

AZ = I. 

-lu COS 

Per centA2i/)c 


(1^ 'vertical) 

2370 

7(719 

3..337 ±0.025 

3.337 ±0.025 

o.oon 

- 1 - 
" \ 

6 

W 340 

1157 

3 402 -i 0 067 


-1-0.098 i 0,072 

+ 0.030 ±0,dj22 





3.30410 025 


(Xiob) 


K 3 m 

1017 

3 1R8 ± 0 067 


—0 li6±o 072 

-O.035I0 022 

12 

W 471 


3 3i6io 056 


+0.123 1 0.061 

+0 03()lo 019 





3 193 ±0 024 




1'- 427 

126S 

2 96S ±0.056 


— 0 225 ±0.061 

— 0 070 ±0 oig 

iS 

W 472 

1476 

3 1^7 ±0 osS 


4 o locjlo 060 

+0.03610.020 





3.018 lo 023 




F 420 

1237 

2.945 ±0 056 


— 0.073 lo. 061 

— 0.024 ±0.020 

24 

W 443 

1 20U 

2 7?()±o 053 


- 0.05610.057 

— 0 020 lo 020 





2.78510.021 


0 


K 431 

996 

2.31110 049 

1 

-0 474 ±0.053 

—0.17010.019 


W 651 

i6in 1 

2 473 ±0 041 


— 0.0291 0.045 

— 0 oil 10.018 



1 


- S02 ±0 01 1; 




F .sy 3 

1235 

2.083 ±0,040 


-0 4 ly ±0 04.'( 

— 0.167 ±0,017 

36 

W 593 

1250 

2 I oS ±0.040 


-0 077 io.O'i 3 

-0,03s ±0.020 





2 18510 016 




V, 666 

12J8 

1.84 1 ±0.035 


”0 34^10038 

--0 15610 017 

42 

W 409 

725 

I 772 ± 0 044 


— 0 073 ±0 046 

-0.039 ±0.0 25 





I R44 1 o.(jI 4 




K 402 

599 

1.468 ±0 041 


-0 376 + 0 043 

— 0.204+0.023 


Some of the marked peculiarities apparent from Fig. i are : 

(i) A very marked west-east excess, similar to one obseivcd by Schremp 
aiid Banos {loc. cii.) in the Mexico curve. 

(n) There is a prominence at i8“ in the eastern azimuth together with 
an indication of another at 36° and a flat prominence at about 12 ' with an 
indication of another at 30*" in the w-estern azimuth. It may be noticed 
that the magnitudes of these 'anomalies’ is greater in the eastern than in the 
western azimuth. 

(Hi) The intensity falls off le.ss rapidly in the west than in the east* 

' Vertical counts were recorded daily, twice, during the period of observations and the 
average counting rate obtained after applying temperature and pressure corrections, 
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iv. There are two depressions at 12” and 24° in the east and an indica- 
tion of one at 24® in the west. 

The i8°E proiniueiicc, also present in Mexico curve, is believed by 
Schrenip and Banos {loc. cii.) to be due to the presence of negative primaries. 
In fact, the existence of negative primaries has been shown (Swann, 1933) 
to be necessary, even otherwise. Vallarta et al (1939) have shown the 
existence of negative primaries from the considerations of data on diurnal 
variations. Though the sea level effects seem to be mostly due to positive 
particles, they may not be really due to the excess of positives over the nega- 
tives but merely due to the difference m the penetrating power of the two 
types of primaries, (Evans, 1941); or it may be thai there is an excess of 
negative slow primaiies (Alfven, 1938), which might get absorbed in the 
upper parts of the atmosphere by a process different from that of the posi- 
tives, (Vallarta and Bouckart, 1935^. Janossy (194H) is also of the opinion 
that the primaries arc of two types, probably electrons and protons. The 
recent rocket experiments of Singer (1950), the balloon experiments of 
Hulsizer and Rossi (1948) and of Scheiu, Jesse and Wollan (1941) and the 
high altitude experiments on E-W asymmetry by Johnson and Barry (1939) 
have proved the non-existence of electrons as the primary particles. If now 
wc exclude the possibility of electrons as the negative primaries, then nega- 
tive protons (Arlcy, 1946) may form the negative primaries. Even 
on Millikan’s atom -annihilation hypothesis, Klein (1950) has shown 
that, for the annihilation to take place, there must be the presence 
of anti-matter near ordinary matter in the inter-stellar space ; the 
two atoms of matter and anti-matter annihilating themselves on collision 
and generating two primary cosmic-rays which may be protons and anti-pro- 
tons. These anti -proton on reaching the top of the atniospherci might 
interact with matter in a different way fiom the protons. That this is so, is, 
in a way, evident from the measurements on the directional dependence of 
the positive excess in the meson spectrum. Quercia, ct, al (1950) have found 
a marked difference in the relative abundance of negative and jiositive mesons 
in the eastern and western azimuths There are relatively more negative 
mesons than the positives in the cast and vice versa.. (This may be explained 
either {i) on the supposition that higher energy positive primaries reaching 
the eastern azimuths produce mesons in a different w'ay than the lower 
energies reaching the w’estern azimuth, or, (u) there are negative primaries 
(negative protons) which somehow produce more negative mesons. The 
latter view appears more justified in view' of the evidences from other sources). 

The relatively rapid and greatei decrease of intensity in the east, clearly 
seen in Fig. 1, may be attributed to the presence of negative primaries (nega- 
tive protons) which, along with their progeny, are absorbed more quickly 
while traversing down the atmosphere. The i^rominence at iS^E in Fig. i 
also supports this view. (The prominence at Lahore is less marked than 
- 7.-1738P— n 
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al Mexico. This is due to the fact, that, the edge of positive priuiaries of 
13. 2 Bev nearly extends to this angle, while at Alexico this extends to farther 
east. Thus, the contribution of the positive component being nearly zero 
at r8“lv at Lahore, the prominence is not so marked.) 

The marked west-east excess, present in both Lahore and Mexico curves, 
is probably due to the presence of the already ineiitioued silicon band (13.2 
Bev) with its edge extending to the east of zenith to about 18-24° at Lahore 
and farther east al Mexico. That, there is such a band of energies, with its 
edge at about 18 — 24°, is clearly shown by the marked depression at 24° in 
the eastern azimuth. This might correspond to 36° depression in Mexico 
cuive. The dejnession at i2°E, if real, probably indicates the presence of 
another narrow band within the silicon band. 

The western azimuth does not show anything real beyond statistical 
fluctuations, though there is an apparent anomaly near the zenith. The 
anomalies observed at 12° and /,2'’ in the western azimuth in Alexicol curve, 
but absent from ours, seem most probably due to the presence of TOsitivc 
primaries of the oxygen band (7.5 Bev) and the nitrogen band (6.5^ Bev) 
effective at that latitude (29°N) bur absent from Lahore (22 "N), Indi^, due 
to geo-maguetic cut-off. 

From the present investigation, therefore, we conclude that ; 

i. Negative primaries (probably negative protons) form a part of the 
primary cosmic -rays. 

ii. Most of the west-east excess is due to the presence of the silicon 
baud, of which, the existence is definitely shown, thus supporting the atom 
annihilation hypothesis, as modified by Klein, as the major source of cosmic 
rays. 

lii, In coujuctiou with Alexico data, the banded nature of the primaries 
is respoiLsible for fine -structure. 

The above discussion clearly brings out the importance of such measure- 
ments ill deciding these vital issues. 'I'liese are needed the most at inter- 
mediale latitudes wheie other atom annihilation bands will also .show their 
peculiarities. The existing data are very meagre and a coordinated pro- 
gi amine using similar e(juipment is desired. 

Part II 

STATISTICAL A N A L Y S I vS OF LAUORK DATA 

In order to see the significance of the above conclusions, the data of 
Part I have been analysed by the method developed by Warren (1946). Where- 
as, we have visualised the fine-structure as departures from the normal 
cos stpiare curve, here we consider it as departures from the log /„-log coSs Z 
curve which under normal distribution is a straight line. 

Table II gives the summary of the interiiretatious of Lahore data. Fig. 2 
is the logarithmic plot of cosmic-ray intensity measured at Lahore. The 
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Fig. 2 

IvOgaiiUitnir grapli of ( osmic-ray inleusity measured at IvHliore. 'I’lic ordinates arc the 
luguiilhiiis of tin? i dative intciLsiLics and abscissae are the uc^ative logarithms of the 
cosine of r.'. 

ordinntes lire the logarillinis of cosmic-ray intensity uud the abscissae are tlie 
negative logaritluiis of the cosine of the zenith angles. 


Tadie II 

vS TJ 1\1 M A R V OF 1 N T R P R E T A T I O N S OF E A II O R h 1) A 'J' A 


Parameter values i 

Name of fd tell hue Is) points fitted — ‘ | ^ 

h 1 h 


Single Imc for i 


al', K & W i .p.i 3 


Single line \V | 

,, E lall, 111 W & o [ /Mjo j.r /3 

Combined, both ol ‘ all in E & o" | .S73 

above j nil. u" twice 

Step function, 1C coin- [ all in E o" 4313 .371H aiS 

bined with single i all, 0“ twice 
line W. ! I 


Step fiiuction, only 011c 1 
step at 21 "F 
(parallel lines with 
a break) 


all 1 14'’0 .3681; 2.124 


7 a.SSa!:“tn an .4398 .,684 ...,3 -.0 

break at 21" E. 

* (Foi yaiious constants, refer to Warieii i/oc.cit.). 


i 

v2 1 
* 1 

A/ 

P(>x‘) 

84 i i 

1 

13 

JlJ '■ 

1 

5 

19 20 

1 5 ^' 

0 

(1 

ij 

.SI 

olis 

(' '7 

5 

XI 

2:.| 

•35 


12 

.196 

i J 5-9 

1 

11 

1 

13 
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As mentioned in Part I, the appearance of the main cone should be a 
step function 'T- ’ giving higher intensity to the west where the primari- 
es are allowed than to the east where they are not. We, therefore, tried 
to lit the data with the use of such a step function. It is evident from Fig. i, 
that it is easy to fit a straight line inside of six out of eight of the probable 
errors. Since tliere remains six degrees of freedom and the probable error is 
selected so that there is an equal chance of - tlie discrepancy falling inside 
and outside the limit, we see that we can do better than the expected three 
outside, even from tliis crude consideration. The more detailed calculations 
verify this exactly and the agreement between the observations and a single 
straight line (on the log-log ‘^graph) is exactly as good as would be expected 
from the observational errors ; or we might infer (as we mentioned in Part I) 
that the data in the west do not show anything that can be rpliably 
distinguished from statistical fluctuations. To be convincing of thei break 
between i8° and 24" in the west, the counting errors should be one thiVd or 
ten tiiiies as many counts recorded per point. (If real, this break wiil cor- 
respond to the edge of negative i^rimaries with slight overlapping neiA^ the 
zenith. It may be mentioned that no other low eneigy bands (oxygen or 
nitrogen bands) arc allowed at the place of observation) . 

In the cast, however, the .situation is quite different. Here the discrep- 
ancy is quite real and the calculations show only one chance in three hundred 
that these data were obtained from a *true' distribution, that is a single 
straight line. Here we have an example of this simple type of fine-structure 
with a single energy band of positive primaries that appears only west of 
this limit. This can be calculated as a .step -function by fitting parallel 
.straight lines to the observations in the cast of azimuth. This gives a good 
probability of agreement (i in 4.5) and appears to fit in quite readily with 
the simple interpretations given above. The step at 21” K appears to be due 
to the edge of the silicon baud (13.2 Bev) extending to about 18-24“’ in fhe 
east of the zenith and, hence, established its existence. 

The marked west-east excess, as stated in Part I, is also due to tliis 
band of positive primaries. 

To decide the point that the step at 18-24° E might be the only statis- 
tically significant irregularity, we tried to fit a single straight line to all 
the points in both the azimuths west of this edge and a parallel line (or non- 
parallel) to the east of it. The probability of agreement is 1 in 5 (i in 6.5) 
showing a very good agreement with the hypothe.sis that the western excess 
is due the single edge in the cast between 18-24° E, corresponding to about 
.50 luillistormers or about 14 Bev. However, to decide about other conclus- 
ions apparent from our observations, we need more data. 
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ON ALPHA-DISINTEGRATION: PART 1 
SOME USEFUL THEORETICAL TABULA- 
TIONS AND GRAPHICAL PLOTS 


Uv RANjrr KUMAR DAS 


[Rcicivcii fo} [mhhcalioti , Odohci 5, 


ABSTRACT. S'jirtjng fioin the wrll-known mas'!, defect formiiKi 


Aiy^ad-)9 


A 




yj_ 


ail expression has heen deduced foi the tt>lal energy leleased 111 an a-disintegratiun, 
Tlie calculdticui has luen confined to groups of nin lidcs with, I =,)4, 45, ^7, 49 > .S'N 

51, 52, and , SI Ihsefiil Lluoreticdl dale! arc g'vcn in ten tables 3 , 7,5 ami 0 curves are 
plotted on ten siparate grapiis and their ou is Landing charactei istus biiefly discussed 


1 N T R ( ) D (/ (' T I O N 

It is well-known Ihut when a imclnlc MiA, /) clisinlegrates into the 
daughter "micl'de M{A -4, /-a), eimltiug an a-particle MU, 2), we can 
write the leactioii scheme as follows 

M{A,/) = j\ 1 {A- 4 , /-2) + Ml4,2)H'Q ... (i). 

wheie Q i.s the energy released in the ix-clismtegration process, 
including the recoil energy ol the daughter nuclide. It is, of course, tacitly 
assumed ilmt the icsulting miclide is 111 the ground state, so that there is no 
subsequent gamma lay emission- Whenever there is emission of a gamma 
photon following an ot-disiu teg ration the gamma cneigy has to be deducted 
from the theoretically possible value of Q to get the nearest appioach to the 
experimentally observed value. 

If by any means we can accurately measure the nuclear masses involved 
ill the above reaction scheme, we can straightforward calculate the energy of 
disintegration.* Unfortunately, the only pi actical means ai oni disposal of 
measuring nuclear masses accurately, namely, inass-spectrographic invc.stiga- 
tion, has not yet b:eii nmcli successful with heavy nuclei. However, using 
the ' Bcthe-Wei/sacker (1036) mass defect fonmila, we can theoretically 
calculate the possible energy release involved in an a-disintegration process. 

Glueckauf (1048) has utilised the accurately known mass values of the 
lightest elements upto a mass number ^ = 40, and with somewhat reduced 
accuracy upto /I = 60, to calculate directly the binding energy of the last 
alpha paiticle in the nucleus (which is the alpha disinlegralion energy with 

opposite sign). Although these nuclei are not radioactive in nature, the 
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resultijig plots are very interesting in that, the lines of constant a-energy 
values show qualitatively the same kind of fluctuations as are noticeable 
in similar experimental curves obtained for high atomic weight nuclei. 
Pryce (1050) has recently published some theoretical calculations on the 
energy of cx-particles from radioactive bodies and has tabulated the results 
in the form of energy release from various isotopes (existing or hypothetical) 
of all the elements from Pt(Z = 78) to Cm (/ = 96), Considering the fact 
that there are at pieseiit several collateral alpha decay chains of artificially 
produced radioactive nuclides (Seaborg and Perlman, 1950; Studier and 
Hyde, 1947: Meinke, Ohiorso and Seaborg, 1948) we have calculated the 
theoretical cx-cnergy release from them with a view to extending the study 
of correlation betw'ccn theoretical predictions and experimental findingvS. 
As the calculations are of an involved nature and hence time consuming; 
the final data have been supplied in tabular forms and relevant curved jilotted 
for the difl'erent I values. 


D K R I V A T r 0 N O V T H K P) N E R G Y R R L 15 A vS K ]•' 0 R A U h A 

\ 

'l‘he exact nuclear mass of a nuclide M(/l, Z) can be expressed as\ 

A A 

from which, the mass defect AM is 

AM = a/I .. (a) 

From (i j, Q = M{A, Z)—M{A —.\j Z — 2)- M( \, 2) 

or, in terms ot AM (/I, Z), 

AM(/1-/i, '^-2) and AM (4, 2) 

Q = ^M{A - 4 ,Z- 2 )+AMh 4 , 2 )-AM(/ 1 ,Z). 


Now% substituting for AM’s their respective expressions involving the 
coiislaiits «, / 3 , y, and 8 , we have, after slight rearrangements, 

Q(in Mcv)= “4a H- 28.16-4/3 + i3.o8[i4“/'’-(yl -4)’*^'] 

A 1/1 — 4 ) 


+ .58 




(Z-2)“ 
(A- 4 )^ 1 ^ 


- -27.88-75.6- 


r 

A {A -4) 


4i3.o8[/l=/’-(/l-4)'’f'‘]4 .58 




(Z-2)“ 

iA~-4y‘' 


In working out the above expression foi Q, we have used values of the 
constants tx, y, and 8, calculated with the help of up-to date mass data: 
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« (14.01) 

.. (18.9) 

y - ... (13.08) 

^ ■ ■ ■ (.58) 

The bindiDi* energy of the «-parlide has been taken as 28.16 Mev 
Meanings of symbol.s used: 

iW “actual mass of the nuclide. 

A =Mass number 

A^ = The number of neutrons in the nuclide 
Z=The ,, ,, protons ,, ,, ,, 

1 = Isotopic nunibei = (N —Z] 

M,.=--Mass of the proton. 

Mn = Mass of the neniiron. 


T A B U ly T 1 ( ) N AND G R A V II I C A L I' D O T R 

With the help of the above expression we have calculated, teim by term, 
the total energy release for the nuclear species characterised by /==44, 45, 46, 
47» 48, 49. 50, 52, and 54. No scries with 1 — 53 has yet been found. 

For convenience of tabulation, nuclides with the same 1 value have been 
divided into two groups from amongst the four pos.sible ones, viz, even- 
even, even-odd, odd-odd and odd even — the first word referring to the 
number of protons in the nuclide and the second, to the number of neutrons. 

The tabulated data have been presented in the form of graphical plots 
(Figs I — 10). On each graph for the same I, have been plotted the net 
contributions from the p, y, and 8 terms, as w'ell as the theoretical cneigy Q, 
against the corresponding nuclide The scales of oidinates are necessarily 
different. This procedure has been adopted to present a comparative picture 
of the variations of the different quantities with the mass number. 

Nuclides plotted immediately close to the abscissa denote class (A,j of 
the tables, while those farther below or up denote class (Bj. The order of 
the ordinates, for all the plots, is respectwely 7, 8, and Q , , starting from 
the extreme right. 
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I'ahlh 1 

Nuclides . I — 44 

iA) Even 'Even giouj^ 


Nuclides 

J2 

A\A -4) 

[/12/3-(/1-4>1!/-1| 

r /3 (Z-o )2 1 
[a'I» M-4 i/;iJ 

Net contiibnl 1011 from 

Calc 0 



i9-terin 

7-terin 

5-terin 

(in Mev) 

9.J]22B 

0 ri37Qr)72(i 

0.437080 

51 7 AO 

2 S65790 

5 72642n 

30.00920 

4 990 


u 031J2SS70 

0 44030 

50 940 

2 97000 

5 759120 

39-54520 

4 454 

8BRa220 

0.04074070 

0 44310 

50,130 

3 08000 

5 79s 740 

29 07400 

3 9' 9 


0 04227H10 

u 44500 

40 310 

3 106220 

5 833370 

28 59980 

3 35f> 


0 04390420 

0 44860 

48.500 

3 319150 

5 R66768 

28.13900 

2 798 

(B) Odd-Odd gioup 




\ 


9ll*a22fi 

0 0385P720 

0 43900 

340 

2 9171Q0 j 

5.74220 

\ 

29.7792^ 

4 724 

89 Ac 222 

0 04000330 

0 44180 

50.530 

3,0242501 

5 778740 

29.30739 

4 182 


0 04149770 

0.44450 

49 730 

3 137300 

5 814060 

28.84340 

3 ^Mo 


0 04 309950 

0 44710 

49 000 

3.256820 

5 848100 

28 42000 

3 131 

[A] Even-Odd gioup 

Ta13I,U 11 
Nuclides : 7-45 





Nu( licles 

JZ 

(.12/O-(.4-4.i!/0] 


Net contritiutinji from 

Calc (1 
(ill Mev) 

/3U-4) 

i 

[ji/3 

)8'tcrm 

j 7 -tenii 

5-lerrii 


r 03930130 

0 43720 

1 

i 51 7"0 

3 971193 

5 718570 

29.98600 

4 853 


0.0407340 

0,43970 

50 899 

3 078730 

5 751270 

29.52140 

4 314 


0 04222530 

0.44240 

i 50 081 

3 192230 

5 786580 

39 04090 

3 755 

86^1112” 

0.043811:0 

0 44520 

i 49 280 

3 312130 

5 82320 

28 60210 

3 233 


1 0,04548610 

0 44790 

1 48.450 

3 ‘438750 

5.858530 

28 10100 

a 64] 


(B) Odd-Even gioup 



0 0.', 000310 

0 43500 

51.300 

3 024230 

5 742390 

29 75400 

4 552 

uaAcZZi 

0 04146440 

0 44110 

5C 490 

3 134710 

5 769580 

29.28420 

4.039 


0 04300630 

0 44370 

49.689 

3 251350 

5 803590 

28.81960 

3-492 

bsAI'^'^ 

0-04463799 

0.446611 

48 861 

3.374620 

5 841520 

28.33930 

2.926 


0 0463660 

0 44930 

48 040 

3-505040 

5.8; 6400 

27 86200 

2 353 
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Tabi^b hi 
Nuclides: 1 = 46 


{A) Even-Even group 


Nuclides 

i2 

aTa -4) 

[/12/U-fy4 -4)2/8] 

r 22 (z-2>2 ] 

\_A^n [A -4 Ms] 

Net contribution fron 





P tei 111 

7-terni 

?5-term 


0 040707^0 

0 43660 

51 660 

3 077520 

5.710720 

29 96280 

ioTh» 

0,0^1121491) 

0 4 39 TO 

5^ ^50 

3 188420 


29 49300 


0 04372260 

n 44180 

50,110 

3 3054.30 

5 77R740 

29 06371 


U453S71 

0 444'10 

49.170 

3.42P990 

5.812750 28.51860 

s^RaC'aw 

0.047085 

0.44720 

48.410 

3 559620 

5 849370 28 07780 

(B) Odd-Odd group 





9, raws 

0.04143170 

0 4377U 

51 260 

3 12230 

5.725110 

29 75180 

jgAcWl 

0 04203830 

0 44040 

50 440 

3 246130 

5.-760430 

29.25520 


0 04452S50 

0 44300 

49 650 

3.366360 

'>•795740 

28 79700 

IsAt’" 

0.04620890 

0 445QO 

48 820 

3-493390 

5 831060 

28 31560 

B3lli212 

0.04798620 

0 44860 

48.000 

3 627740 

5 8676R0 

27 84000 


Cftlc. Q 
in Mev). 


' 1-716 

4.168 

3-657 


2 4S 


' 1-134 
3 Syo 
3 346 
773 
2 ano 


Table IV 

Nuclides : i — 47 

[A) Even-Odd group 


Nuclides 

i 

JL . 1 

/ 4 (/ 4 - 4 ) 

1 

[ A '^/ ti - [A ■- 4 ) 2 /B] 

r (Z-2ii 1 

[Ays '•/}- 4 )i/ 3 j 

1 

Net rontribulioii fiorn 

Calc, 
tin Mt 

j 9 -tcrin 

7-term 

5 -terni 

fleCinWS 

0.03933054 

0 43091 

53 199 

2 97.1900 

5 636302 

30 85542 

6.038 

ti^rnWi 

0.04069264 

0 43335 

52 411 

3-076363 

5 68216 

30.39837 

5 124 

gjUWI 

0.04212673 

0 4,3587 

51 .606 

3 184781 

5.70177 

29-93148 

4568 

aoRaAcWi 

0 04363799 

0.43845 

50.822 

3 299034 

5 734917 

29 47674 

4033 

fl 8 AcX 223 

0.04523210 

0 44108 

5c. 006 

1 

3 419547 

5 769326 

aS 93619 

3.406 

BBAn'i'a 

0 04691516 

0-44375 

j 49-192 

3 446785 

5 804140 

28.53350 

3-011 

B«AcA 39 *> 

0,04869354 

0 44653 

i 48-371 

3.681260 

5 84061 

28.05517 

2-335 

a2AcB«i 

0-05057581 

0 44936 

j 47.543 

3-823532 

5.877601 

27-57493 

1.749 
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^rABLE IV (contd.j 

(B) Odd-Even uroup 



() (14000 HJO 

0 13096 

S4 806 

3.034220I 5 657754 

30.627470 

5 491 

jj,,Np^33 

0 u4M^f^'3^1 


5.' 012 

3 139862 5,684338 

30 166960 

4 961 


0 04287^^3 

0 iiViS 

51 316 

3241153 57183142976330 

4 360 


0 ''4'14'’'131 

0 ^3073 

50 ^in 

3 335880; 5 751666I1C) 170S5 

3 7^6 

87l'a22‘ 

0 04610150 

0 11243 

40 600 

3.460497 5 786983 

28 76800 

3 214 

85 'Vt*" 

0 047:0211 

0.41^1.' 

18 7S2 

3-6T3o86j 5 822169 

28 29357 

2 623 


0 i4(j62:5n 

0 44701 

47 OSS 

3 751386, 5 850054 27,81565 

2 043 


' ^5*S5793 

0 4so8i 

47 126 

3 8g78oo| 5.683610 

27 3330S 

‘ -439 


Tabi k V 
NiuHclcs. / — 4^ 

{A) Even-Even giouf^ 


Nuclides 

I'i 

JC'I - 4 ) 

r 42 / 3 -r.l -4 ^/a 1 

r /» (z-2i2 1 

l |i/a 

Net toi 

iilriljulioj 

1 /lOMl 

Calc Q 
'ill Mev, 





;8-loriii 

7-tenn 

S-tenii 

1 



0 04067796 

0 43029 I 

53-159 

3 075253 

5.626193 

30 P2922 

5 5"2 


0 0420S064 

0 43276 

52.371 

3.181296 

5 660492 

3 " 375 ipj 

4 974 

9911^32 

0 04355716 

0 43125 

51.562 

3 292922 

5 679981 

Sg 92915! 

4 436 

ooTh^**' 

0 0458352s 

043877 ! 

1 

59.784 

3 465133 

1 

5.739110 

29 45471' 

3 849 


0 04675323 

3 44039 ! 

' 49 965 

1 

3 354544 

5 76030 

28 97970 

3 325 


0.04848483 

1 

041310 i 

49 15 " 

3 6654 .’0 

5 795847 

28.50700 

2 757 


0.05031415 

0 44.583 

48 329 

3 803771 

5-83 1465 

28.03827 

2 186 

82 T 1 iH 212 

0 05224062 

0 44866 

47 

3 950070 

5.868472 

37 55'-''58 

1 589 


n 5429863 

'* 45151 

46 670 

4 104976 

5 90575 

27 06859 

0.989 


(B) Odd-Odd gioup 



0 04137037 

0 13150 

52 769 

3.12760 

5 64420 

30 60600 

5 243 

SjNp ’• 

0 o4'’''o936 

0 43400 

51 972 

3 2363^^5 

5.676711 

30 1437s 

4.704 

9 ,Pa 23 « 

004132464 

0 43650 

.51 369 

3 350950 

5 709420 

29 69150 

3 880 


0 045Q220 

0 43908 

50.369 

3.47170a 

5 743164 

29.21400 

3.605 

B 7 Fa 222 

0 04760722 

0 44182 

49 559 

3.599000 

5 779000 

28,67810 

2.978 


0 049 1870 

0 44438 

48.471 

3 735851 

5.812490 

28.11317 

2 312 

flsRaC^H 

0 05126833 

0 44722 

47 916 

3-875886 

5.849636 

27 79128 

1.R85 

BiKaCaio 

" 05325934 1 

0 45009 

47 082 

4 026407 

5 887076 

■27.307.S5 

1.288 
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Tabuc VI 

Nuclides ; 1=40 

{A) Eveu-Odd gfouf> 





r 7^ (z - 1 

Net conti ibulion lioiii 


Nuclides 

/I (- 1 - 1 ) 


L. 4 '/' (4 




Cdk (1 
'in Nt \ j 





/J-tei 111 

7-lcnii 

S'ltM 111 



() 0 |i() 3 (i 5 '> 

0.4297? 

33 -19 

3.17796? 

5 6>o}37 

\i) iSoyn.’ 

3 572 


f. 043.17985 

0 43 -' 1 

5 - 330 

3 .?S 7075 

3 952291 

3 " 3,3139 

1 837 

a,U23^ 

o.o 44 c) 97 S 

0 13 /,.. 

-Si -334 

3 4oigo8 

5 68 1 

2L) 8.8972 

4 292 

9f,Tll22!» 

0 04659S71 

0 437 n 

30 731 

3 52 '864 

5 708050 

2() 4 2400 

3 739 


0 04828557 

0 43973 

j 49 92 1 

3 650389 

5 751665 

j8 93391 

3 177 


[B] Odd-Even group 



004271903 

0 43091 

52 7 -’: 

3 2318271 3 636302130 5I32 1' 

5 03 8 

naNpW'' 

0 04 4??953 

0 13333 

.31 916 

3 543752I . 3 . 6682 i 6 { 30 11302! 

1 ,357 


0 047/8827 ' 

^• 135^^9 

31 118 

3 46150 1 , 3 7014 |o 29 66830I 

I.02S 

89 Ao 22 ^ 

jo 0)843090 ' 

0 43 '^ ] 3 

. 3 (' 429 

5 383776! 5 73466' ?9 309I9] 

3 578 

H7A1 

0 04916355 

0 4110S 

49 40T 

3 716761 5 769326j3S 65257I 

2 825 


Tahi^k V^ll 

Nuclides ; I = 50 

(/I) Even Even gioup 


Nuclidc.s 

n 

L.4=^/-'-(/1-4)“''''I 


Net conti ilinliuii fiom 

Calc 0 
(in Mevj 


L.4-' (/1-4)^/’'J 


7-tcriii 

S-teiin 


0 o 434‘'»578 

0.12912 

5.3 0S4 

3 281770 

5 612890 

3'>-7S87 i 

.5 210 


0 01489974 

0 43r5'' 

52 284 

3 393663 

5 6 14020 

30.32468 

4 695 

„2ll2l4 

6.04539377 

0 43400 

.31 475 

3 51170 

5,676720 

29 79841 

4 083 

B01o2J0 

0 04809543 

0 4 3^150 

50,690 

3 636010 

5.709430 

’9 40021 

3 594 


0.04982856 

0 43910 

49.8S1 

3.767410 

5.743426 

28 931UU 

3 027 

B6H11222 

0.0516452 

0.44617 

49.160 

3-904376 

5 765100 

28 51280 

1 2 434 


0.05235640 

0.4510T 

48 150 

4 050340 

5.799210 

c 

c_ 

LO 


0 05562970 

0.45622 

47-417 

4.. ’05606 

5-S36556 

27.502861 1.254 


2— 1738P— 
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TabIvE Vll (contd.) 


(B) Odd-Odd gioup 


in 

0 . 044138/12 

0 43041 

52.687 

3 336^64 

5 629762 

30 55847 

4.971 


0 04566043 

0 43273 

51 800 

3.451928 

5 660500 

30 10200 

4 431 


0.04618672 

0 43525 

51 i53 

3 373050 

5 69 ^ 0-10 

29 66 S 74 

3 008 


o.o48g5o5 

43777 

50 227 

3-700558 

5 726 o 3 f) 

21) 13165 

3 277 


0 05073<^5i 

0 44040 

49 028 

3-835327 

5 760439 

28 43629 

2 481 


0,05260942 

0.44309 

48 072 

3.977271 

5 795615 

27 88059 

1 919 


0-05459^68 

0 445 S 3 

47 866 

4-127357 

5 83i45t» 

27 7 ] 94 S 

] 574 

B,T 121 Z 

0 05660447 

0.44 866 

1 

47 00 ;• 

4 286102 

5 S 684 O 9 

27 26000 

0 962 


Table Vlll 


Nuclides. J==5i 

iA) Even-Odd group 


Niiclides 

1 

/2 

r/l"/''-U-4r^‘] 

fz' (Z-2|2 1 

Net tf)ntnlmtion fioni 

1 

1 

A { A - a ) I 


B tertji 

T'loriM 

fi-to: tn 

(tnlMev) 

gcCttlZlS 

0 04178537 

0 42852 

53 039 

3 3S5766' 

5 005010 

30 

5 102 


n 01631000 

0 430Q7 

52 •’49 

3 5''io34 

5 61630^ 

30 31022 

1 565 

92U23& 

0 0479177 

0 43335 

51-453 

3 6222S1 

5 606gio 

2Q 84216 

4 

soUY2!" 

04960237 

0 43587 

so 651 

3 749940 

5 701177 

'’-9 37758 

3-449 

88^^227 

0 0513S1S2 

0 43845 

49 811 

1 3 884467:5 7 319-6 

28 90777 

2 87 ^ 

[ 


(B) Odd-Even gioup 


sjAmZii 

0 04553820 

1 

0 42952 

52 645 

3 442680 

5 618133 

30 35i]oj /) 650 

ssNpZSi 

0 04710165 

t^-432.34 

51 851 

3 56c 8H4 

5 655006 

30 0751 oj 4 290 

9 jPa^aa 

0 04874712 

0 43460 

SI 052 

3 686980 

5-684560 

29 54 »o6i 3 660 

! 1 


0 0504835 

0 43716 

51 247 

3 816323 

5 718050 

I 29 022oSj 3 144 

1 1 ‘ 
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iA) Even-Even 


Tabuc IX 
Nuclides : 1 = 52 


Nuclidei>| 


J'i 





'.Z-2)2 I 


NeL toninlmtion from |Ca]t Q 
[in Mev) 


B-tcnii I 7-ftMni I 5 -lcrii 



0 o/if)i7486 

0 4 - 7 Q 1 

5 -’ ‘J ‘)9 

1 

'3 -looiSiiS 

3 80761 1 

3 <^' 7394 ; 

4 566 

,,1’uM 

0 0 1774010 

0 4^051 

52 208 

; 3 6ogl52 

;(vS|5= 

3u 28064 

4 ro 


o o4gjS63i 

0 4327^ 

81 413 

'3 733605 

5 06050 

jq 8103:' 

3 806 


O 0^1 I Hjltl 

0438 ‘M 

1 50 6ijg 

1 

j 3 86401 U 

5 6()jH 7 

29 27897 

3 227 

S8M.sTIj,2Z'' 

o 05y.^7(;0 

0 4 ' 77 » 

1 

j 41). 801 

^ 1 OlKlS.S 

5 7 -'5138 

28 8S457 

2 718 


0 05487010 

0 44041 

! 4 « 9«3 

'4 148180 

5 76056 > 

;S 41014 

3 143 


(JiJ Odd-Odd i^roup 


y,A.lu2''2 

u 04694 76S 1 

0 42912 

5 ’ 605 

3 549244 

^ 5 01289 

. 3 ‘i 44712 

4631 

., 3 Np 2 i« 

00485,5274 1 

u 43370 

51 811 

3.670586 

S'659.515 

c 

c 

4.159 


Un 5 r 241 S 2 ; 

0 43279 

51.019 1 

3.798^60 

5 66oSg2 

29 .5S579 

3 

I 

bj\i2:o 

0 052020 j 

0 43651 

50 i9sS 

3 - 9327 C'i 

5 7^^965 

i 

29,11483 

1 

3 oi ’ 

1 

87 l'a! 2 C 

005^89158 1 

0 43908 

49 393 

4 ‘74430 

5 752584 

28 64940 

I 2 44 « 


Table X 
Nuclides . I = 5/\ 

^/i) Even-Even firoup 


Niiclideij 

A (A - 4 1 


r ZZ (Z-2'2 1 

Net contribnlion from 

' Call Q 

1 (ill Mev) 

3 (,C'in2'J<> j 

004901581 j 

n 42668 

52 922 

3 703044 

7 ft nil fi term 

5 38359 , 30 70475 

1 

4 7“5 

1 

0 05062840 

0 42918 

52 139 

3 827524 

5 60,1176! 30 23482 

4 321 

ssV“’ i 

0 f» 523594 o 

f'- 13 152 

51 452 

3 958’370 

56^160 -984216 

3 635 


0 05418060 

0,43400 

50.506 

4 096054 

5 676732, rc) 29348 

2.994 

b.K»“’“ 1 

0 0567682 

" 43752 

5'j 02S 

4 24 T" 47 j 

5 72575' -8.97382 

? 650 


(U) Odd-Odd group 



0.04979518 

0.42793 

53 516 

3 7 f> 45 io 

1 

5.59720 ,30 45927 

4 413 

9,lNp2«0 

0 05148307 

0 42931 

51 730 

3 892120 

5.617653I30 05400 

3 760 

1 

o-0533,5833 

0 44276 

5« 933 

4 0263301 

5 65130 29 54114 

3 426 

1 

B9Ai-2^2 ’ 

0.05512705 

0.44389 

50 121 

|4 rry ^ Co ^ 

j 

1 5 67227 29 07180 

j 3 894 
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1> I S C U S R I () K 

It Will be suen from the plots that the / 3 -curvcs have almost a coiisUuit 
slojie, the net contribuUon of the /I-leriiis to the tx-euergy Q diminishing 
monotoiiicalJy with deci easing mass tiiimber. The average slope of these 
curves, considering the straightest portion of each, is about 035 mass 
unit. 

Most of the y-ciu ves are characterised by undulations flat maxima 
and minima occurring alternately. This feature is very promuient for 1 = 44, 
A 5 > 4 ^j 4S, 49, 50, 31, and 54 Another jieculiarity of these curves is that 
even in the same curve the undulations do not occur wuth any legulanty 
with respect to mass number. On the other hand, for I— 44, ' 15 > ^nid 48 
there is practically no undulation foi a considerable run of the cuivcs towards 
the ends 

The h and Q curve.s show a pi ouounced tendency to run more or less 
parallel. This is specially true for curves with increasing f values. Also, 
with increase of 1 ihcie is a tendency for the occmrcnce of undulations. 
This is very marhed for 7=47, 48, 40, 50 and 51, We can infer from this 
that the main contribution towaid the energy leleasc comes Irom <i-terin 
This is also appaieiit from the tables, in wdiich the leading contributor is 
the S-term. Another interesting fact is that when the (7-pomts belonging 
to the same class (A) or (H) arc joined separately, the resulting mean curve 
IS more or less straight. This theoretical prediction of irregularity in the 
energy release cuives of nuclides with the same 7 value is in qualitative 
agreement with experimentally obtained curves •Pcilman, Ghior.so and 
Seaborg, 1950). In any similar theoietical plots the relative trend of the 
curves will not change by altering the cou.slaiils /d, y, and ^ because, such 
an alteration will introduce only a change in the scale ot the ordinates in 
the ratio of the altered values of the comstants to their respective values used 
here. The full significance of these tlicoieiical plots 111 relation to experi' 
mental findings will be dealt with subsequently 
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ON THE RAMAN SPECTRA OF NAPHTHALENE AT 
LOW TEMPERATURE* 

By a K. ray 

(Rcrcivcii fo) publication, Oclobo ij, 79511 ) 

Plate XX 

ABSTRACT '1 he Raman spccti a (»f a homogeneous cr>stallinc mass of naphfhalciu 
have been .studied for llnee (hfferent tciiipeiatuics, e /i , 3')”C, — loo'C and - u'.irig 

a spec trograph having a disptrsion of n 8 /niui in the region of 40-^6 A A new Raman 
line at Q5 ein"' has been observed in the rase of the cry.slal at 3o“C be.sides the other ti\e 
lines in the low frecfueiiey region reported by previous authors T'he line 75 eiii N\hieh 
IS broad at 3o"Cj becomes sharper at lov5er Icmperatnres and all the six lines shift awav 
from Llie Rayleigh line \Mth the lowering of temperature. It is pointed out that if these 
lines would be due to lotal’onal oscillations of tlu two molecules 111 the unit cell they wouhl 
shift ueaier to the Rayleigh hue with the low cring of temperature and the actual shift in 
the opposite direction indicates that there is a coupling between the molecules. 

It i,s fui thei oh^erved that all the otliei liu( s of higher fiei|uencjcs become sharper at 
low teinpetatuics and theie is no indication ot any splitting of any of the lines into two 
components. It is concluded fiom these results that these laller lines are due to oscilla- 
tions of single niolctule in the crystal, having no pha.se relation wdth the osi illation of 
its neighbour.s, 

INTRODUCTION 

The Raman spectra of naphthalene in different .slates have been investi- 
gated by a large number of workers since it was first observed by (iross and 
Vuks (i9J,s) that in solid state at about u''C this substance yields four new 
Raman lines at 45, 73, 100 and 124 cm ‘ re.speclively. These lines were 
attributed to lattice oscillations by the same authors. It was, however, 
pointed out by Sirkar (1937) that one of these lines of naphthalene is more 
intense than the most intense line at 1380 cm ^ of the naphthalene molecule, 
but .since the unit cell has a centre of symmetry, translational oscillations ol 
molecules are forbidden in the Raman effect and, therefoie, this intense 
line cannot be due to such oscillations of the lattice. Kastlcr and Rousset 
(1941) and also Dhagavaulaiii (1941) independently pointed out that these 
new lines are due to rotational oscillations of the mofeciilc in the lattice 
about the three axes of the molecule. Nedungadi (1942) investigated the 
Raman spectra of a single crytal of naphthalene with different orientations of 
Iheincideiitlight vector with lespect to the axes of the cry.stal and found 
out the matrix elements of the tensor components of the deformation 
ellipsoids corresponding to the new lines in the low frequency region and 

+Coiimiunicaled by ITof *S. C'. Sirkar 

3_i738r-i2 
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also those for the lines in the hif^h frequency region due to oscillations of 
the .single molecule. He concluded that the characteristics of the matrices 
observed by hnii confirmed the theory put forwaid by Ehagavaiitain 
that the new lines in tlie low frequency region were due to rotational 
oscillations of the molecule about its three axes, there being two such 
oscillations^ one symmetric and another anti'.syrnmetric to the two-fold axis 
of the rotation of the unit cell, in each of these thiee cases- From the 
nature of the matrices of the tensor observed in the case of Raman linos of 
higher frequenc]e.s he concluded that each of these lines is composed of two 
nscillalions of the jiau of molecules in the unit cell, one symmetric and 
another anti-symmetric to the two-fold axis of rotation. Tt lias recently 
been sliown by Sirkai and Ray (1050) that the characteristics of the Raman 
spectra of solid bc/'.cne at dilTercnt temperatures observed by them do not 
confiim the theory put forward hy Fhagvantain (1941) and in fact the rcisults 
show that the Raman lines of frequencies higher than those of thc\new 
Raman lines in the low frequency region arc much sharper in the ca.sV oi 
the solid tlian in the case of the liquid and they are due to incoherent 
scatleiiiig of single benzene niolcvule in the lathee. Such a conclu.sion \ias 
also been drawn by Friihlnig (1949) from the results t)bservcd in the case of 
solid diiihcnyl ether. 

'I'he theory mentioned above can be tested only by studying the 
teiniierature-depeiideiK’e of the positions and tlie nnmliei of new lines 111 
the low ftecjueiiey region and also the iiillnence of lempciatme on the widtli 
ol the olliLi line.s of higher frequencies Since in the* case of naphthalene 
111 the solid state it has been concluded by i)rewous workers (Rastler and 
Roussel, 1041, Nedungadi, 19^2) that the results olnserved confirm the 
theory meiiLioned above, the study of the influence of tcmperalui c* on the 
pioiierties of llie Raman lines of .solid uaphtlialeue would l)e of inleiest. In 
the present paper results of such an inve.sligaliuu have been discussed 

mX V F U 1 M K N T A b ^ 

The experimental teclmiqne used is the same as that used in the case of 
solid benzene by Sirkar and Ray (1950). Naiilithalcne scales from May & 
Bakei were first sublimed and then distilled repeatedly under reduced 
pressure in Pyrex containers. Finally a Pyrex tube provided with a long 
narrow neck was partially filled np with the molten distillate and the tube 
was sealed The molten mass wa.s kept ni a suitable bath so that it 
crystallised very slowly to form a very lioinogenons mass. The Raman 
spectra of tins muss at three differeiiL teniperatiires, eg., -iou"C, 

ami -iSo ’C were photographed exactly in the .same way as indicated in a 
previous paper (v'^nkar and Ray, 1950). Iron arc siiectriim was photographed 
ill each ])lale in outer to find out wlietliei any of the lines shifts with the 
change of tempera! urc- 
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Results obtained are given in Table I . In this labie fieqiieiicy-sliifts 
observed liy Ffilnii Rcnel (1940; and Nedungadi (ig']-) foi the single crystal 
at room tenipeialuie have also been included The spectiogranis are 
icproduced in Plate XX 
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(a) Lines due to intci molecular osculation 


The positions of the new lines in the low frecinency 1 egioii at different 
temperatures of the crystals were also studied previously by vSiikar (1936). 
The frequency shifts observed at different tenipeiatures by diflerent authors 
are given in Table 11 for comparison. 
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TARru II 
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It can be seen from column 5 of Tabic 11 that even at room temperature 
there are six new Raman lines in the low frequency rcRion. The line at 
75 cm”^ is broad and Nedungadi (1CM2) concluded from values of tensor 
components that this line is actually an unresolved doublet with its 
components at 72 and 76 cm"’. The feeble but shaip hne at 95 cm"’ was 
not observed by any of the previous workers In the present investigalion 
it has been observed that the line 75 cm"’ is broad at room tempciatuie 
but it becomes sharper and shifts away from the Rayleigh line at lower 
temperatures. In fact all the lines in tins region shift away from the 
Rayleigh line when the solid mass is cooled down to - 180'' C. If the line 
75 cm"’ would be a doublet it would be split up into two coiniionents at 
-i8o‘’C, because the distance between the components of the other two 
paiis increases at low temperature. As on the contrary it becomes sharper 
at the lower temperatures, it is doubtful whether this line consists of 
unresolved doublet. The line at 102 cm"’, observed at room temperature, 
shifts to 120 cm“’ and also its intensity Increases when the temperature 
of the crystal is lowered to —iSo^C. 

As pointed out in an eaiber paper by vSirkar and Ray (1950), the changes 
which lake place in the position and intensity of these lines with the change 
of temperature arc contradictory to the hypothesis put forward by Kastler 
and Rousset (ig^i) and by Bhagavantairi. If the rotational oscillations 
would be executed by tree single molecules pivoted in the lattice there would 
hardly be any splitting up of the lines due to syinnietric and antisymmetric 
oscillations of the two molecules in the unit cell. The fact that three 
doublets arc obseived at room temperature and the distance between the 
components of each doublet increases with the lowering of temperature 
shows that there is strong coupling between the two molecules executing 
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the oscillations. This coiicUisioii is further corroborated by the fact that the 
lines shift away from the Rayleigh line with the lowering of temperature. 
In the ca.se of rotatory oscillation of uncoupled molecules the frequency-shift 
of the lines due to such oscillations would dimmish with the lowering of 
temperature, because in the case of polar molecules such a diminution in the 
frequency of such oscillations has been observed by previous worker.s (Sen, 
Tg49). On the other hand the observed increase in the frequency shift 
can be explained satisfactorily on the assumption that there is coupling 
between the neighbouring molecules and the strength of the coupling 
increases with the diminution in the distance between neighbouring 
nioleculos at lower tempciatures. The slight increase in the intensity of the 
line 120 cm”^ with the lowciiug of temperature to — i8o"C also cannot be 
explained on the hypothesis that the line is due to oscillation of a 
ljuir of single molecules in the unit cell. 

(bj Lines due to tntravioleculai vibrations 

The data given in Table I show that prominent Raman lines of the 
naphthalene molecule in the solid state arc all single lines and Plate XX shows 
tliat thc.se lines are veiy sharji. 'riiese lines, therefore, are due to incoherent 
scattering due to the single molecules, because in the case of the lines in the 
low frequency region it has been observed that the oscillation of molecules 
coupled to each othei produce doublets in which the components are separated 
from each other. As pointed out by vSirkar and Ray (1950}, Hu* probability 
of the occurrence of the same mode of o.scillation simultaneously in the 
case of the two molecules in the unit cell of tlie crystal in this case is very 
.small ill view of the fact that there are so many modes of oscillations. The 
chance for the exact coincidence of the phases of the two molecules in the 
Unit cell executing the .same mode of oscillation i.s still le.ss. Hence from 
theoretical point of view only incoherent scattering due to single molecule 
is expected in the case of such organic molecular crystals and the results 
ob.served in the present investigation corroboiate such a view. The results 
obtained also in the case of crystals of benzene by birkai and Ray (1950) 
and tlio.se obtained by Kruhling (1949) in the case of solid diphenyl ether 
also led to the conclu.sion that the Raman lines due to intramolecular 
oscillations in the crystals aie due to incoherent scattering by single molecule. 
All these resiilt.s, therefore, show that the theory put forvvaid by Bhagavantam 
(1941) regarding the structure of Raman lines due to molecular crystal is 
not correct. 

As legards the magnitudes of tensor components of the deformation 
ellipsoid obseived independently by Neduiigadi (1942) and Hilmi Beiiel 
(ig4(j) it can be seen that the nidgnitudes observed by the two authors are 
quite diffeient from each other in certain cases. For instance, in the case 
of the line 1382 cm ^ Nedungadi finds that all the tensor components have 
finite values while the other author finds and €.,a to be equal to 
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zero. Furthei if the lines would he due to snperposition of oscillations 
of the pair of molecules in the unit cell S3unrnctric and antisyiiinieliic to the 
two-fold axis, all the tensor coini^onents would be present in the case of each 
of the Raman lines Conti aiy to such an expectation, both the aiithois hnd 
that some of the tensor components are absent ‘I'his fact rdso shows that 
the lines are due to osciliations oL the siiu;le molecule and duriii” oscillations 
of certain modes the [lolarisabilily of the molecule along certain directions 
does not change at all. 'I'his is due to the planai slniclurc of the molecules 
in the crystal, 

home of the lines are observed to shift slightly towards longer 
wavclengths with the lowa-niig of tcmperalure of the cr3^s1al. ySiich a change 
also lakes place with the .solidification of the niolleii mass, as can be seen 
Irom tile elata published b}' Nedungadi (ipl-j) and Ililmi llenel (1940). 'I'hese 
clianges may indicate some form of coupling between the nmlecules il^i the 
unit cell of the crystal. 


A t' K N O W Iv J-' t) M It N 'J' \ 

'J'hc anlhor is indebted to Prof. »S C. vSiikar for his kind interest and 
guidance Ihroiighout the progicss of the w'oik 

( Ij’TlCS l»Ul'\U'i'MI'NT, 

Indian Associatkjn h'ou 'I'hi' Ctji/j n ation i)h ScrivNCi, 

ZH)j J’.OWJ!\'MI< S'CRJ'.lT, CaIvLITTTA 


R It h I' R It N C It S 


hheigavanlniii, S , Ptoi ]n(i, Aiad Si , J3A, 543, 
I'ruhling, A , 11JI9, jeut dc Chiiuic Physique, 46, 35 
e)ios.s, It. and Vuks, M , 143 Naime, i35, 100, 43^ 998, 

1936, /(uo. Phys, Rad , 5, 1 
m3R, ,, 6, 457 

Hilmi Hfiiel, Thesi}>, lioidcauyt 

Kastler, A. and RousnlI, A , Kjp, Coinffla. Reiidus , 212, 645. 
Nedungadi, T ]\I. K , 1942, Pro. Ittd Acad. Sc , I5A, 376 
Sen, vS. N , 1949, fad. J Phys , 23, 495 
Snkar, S C , 1936, hid J Phys , 10, 75 
1937. .. 343* 

Sirkai, S. C. and Ray A K., 1950, hid J.Phys , 24, i8g. 



66 


THE WAVE STATISTICAL THEORY OF ALPHA- 
DISINTEGRA'HON 

By K t. KAR and M R CllAUDHdRY 

ilsL'CCivni fo} fniblualion, Si'fitt'nibt i iS, 

ABSTRACT The present papei is nn allempt Lf) sliulv the plicnomenoii of alpha-deeLiy 
from a conijilelilv new sitiiidpoint All the previous theories are hased on the kaknge 
hypothesis, Ihst intrudiiec.d bv Ganiow (jg.-S) 'I'lie recciil e\peiiiuenls of ChrinL: (1916) nie, 
howevei , "in sen uis di .agreenu ill " nith the ahuve tlreories So tlu need of reformuhtioii 
rf llie above hypotlusjs has been stiesse d b} Chang and others 

According to till present llieory the alpha pai tides do not leak Ihnuigh the potential 
barrier by some unknown mediainsni, but aetuallv sunnoiint the bnmer as Lerpiirtd by 
datsical mechanics And on cr»unng out of the niideiis they are ait-al upon bv a retarding 
attraction held of Yukawa type, whidi wid ohvionsiv reduce the init .’a) high energy to 
the low- observed value. Instead of the usual w.ivc eiinalion, we have taken those from the 
principles of wave stntisliis, given bv Kar (1040) , wliidi give a ph.V'U'al Hiti-ipietation for 
the nitenial ineidianism of disiiiLegralion, 

'J'lic chief advantages ol the' piestnl theory are 

(1' ,\ni.r})hcit formula foi the nude'll 1 adiiis, nufepcrnie’ri/ <d a, lias been obtained for 
the first liiiK I rnfr Mq. 'I'lie values of mieleai ladii ha\ e been calculated fiom the 

observed eiieigv values (Table I) The values thus ohiaiiied aie unique foi given "-valnes, 
unlike the numei'ous values given h^ the, prexlous Lheones 

I') The inaxniurm values of the rxlin-nucleai Yukawa type field have been eakulated 
from the formula obtained | rwdc Eij (15 1) I The order of the luagiiitudt-S obi. lined agn e 
with the values of nuclear binding eiiergii s calculated fiom rnass-detecLs, dc 

(31 'I'lie foimiila foi disiiitegiatiuii constant A dilJerb in Ihe exponential part from the 
iraiiiow^-faetoi, in having the inte-inal energy of the alpha particle instead of its observed 
value. This will explain the diseiepaney between the. picvious theories and the recent 
expeiiniental results 

(4) It explains rpialdatively the gciicial deeien.se 111 the number ol , spectral lines as we 
go up a radioaLlive .seiie.^ 


r N T R 0 I) V C T T O N 

The fifbl 'cilU'iiipt to give a wave-meclianioal Ircatnitiit of llie iiroblcm 
of alpha-decay wah made by (hiiiiow ( y28), and (.'oiidou aiul Oiirncy (le^aS) 
The difficnUy in cxplainuig the difference between the observed low energy 
of tJie emitted alfiha particles and the high energy of llie polential bairicr at 
the surface of the lindens (indicated by scatlciing expcnnieiit.s) led them 
to inltodiice the well-known hypothesis of leakage. It is al.so assumed that 
the energy of the al[)ha pai tides inside the nucleus is complex and that the 
iinaginaiy part is the cause of the leakage (Gamow, 1937). 



546 K, C. Kar and M. L. Chaudhury 

Since then attempts have been made by Sexl (1929), ICar (1933), Betlie 
(1937)1 Preston (1946) and many others* to study the phenomenon of alpha- 
decay. Each attempt was initiated with the purpose of removing the lack 
of mathematical rigour at places in Gamow’s theory noticed by the different 
authors. But the fundamental hypothesis of leakage and the complex energy 
for a real particle were letained throughout by others except by Kai (1933), 
who gave up the latter hypothesis though retained the former All these 
theories have given almost the same formula for disintegration constant A, 
as obtained by Gamow. 

The experimental agreement of Ganiow's formula was found to be more 
or less satisfactory. How’ever, recently with the collection of more accurate 
data, Berthcllot (1942) has suggested that for better agreement, comparison 
with the experimental Geiger-Nuttal curve should be made for isotopes only. 
More recently, objections have also been raised by Chang (1946), wlio has 
discovered low energy spectral lines for alpha-rays from Ra, RaT^. etc. 
According to him, the existing theoiy of alpha-disintegration is “in serious 
disagreement” with his experimental results. For, “the theoretical intensity 
varies much more rapidly than the obscivcd intensity.” Another setious 
objection, pointed out by Chang and also admitted by Gamow (t949), is that 
unacceptably large spin changes, as calculated from Ganiow's theoiy, oct nr 
in the case of normal-normal and normal-high alpha transfoimations. 
He has also pointed out that if the internal energy of the alpha particles be 
supposed to be higher than the observed value, in contradiction to the 
fundamental hypothesis of leakage, the disci eparicy can Jie reconciled. 
Hence while stressing the need of “reformulation” of the current decay theory, 
Chang (1946) has suggested a modification m a qualitative w'ay. He assumes 
that penetration occuis through the barrier at a higher energy level than 
the corresponding observed low energy and that the original difficulty of 
energy difference can be explained by postulating some sort of scmi-statlc 
interaction between the outgoing alpha particle and the product nucleus, 
resulting in the transfer of the balance energy back to the residual nucleus. 
However, as the exact mechanism of this transfer of energy is not knowm the 
position remains more or less as vague as in Gamow’s conception of leakage. 

SECTION 1 

In the proposed theory, vve shall suppose that flic alpha paiticlc does 
not leak through the barrier due to sonic unknown mechanism but actually 
surmounts the potential hill with energy higher than or just sufficient to 
overcome it, as required by classical mechanics. We also assume that as the 
alpha particle just conies out of the nucleus, a retarding attraction field of 
Yukawa type is at once set up betw'een the outgoing alpha particle and the 
product nucleus. This extra-nuclear attraction field would obviously reduce 


See references. 
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Ihe initial high eneigy of the alpha particle to the observed low value As, 
however, this short range attraction force is operative only when the alpha 
particle has left the nucleus, the minimum energy with which it can come 
out from inside the nucleus is equal to the peak energy of the Coulomb 
field, i.e., 3s*c^/ro, where ^o = nuclear radius, and 2* = charge number of 
the product nucleus. If the attraction potential U{t) is effective upto a short 
distance, reducing to an insignificant value at u (say), no further reduction 
in the energy of the alpha particle can take place beyond this range. Thus 
the total energy of the alpha particle at ry is equal to the final observed 
kinetic energy. 

Now from what has been stated above, the whole phase space may be 
divided into three regions, namely. 

Region 1. o < r < rQ, i e., the interior of the nucleus. 

In this region the potential energy U' may be taken to be constant. 
Thus E' + U' = Ei, the total kinetic energy inside the nucleus. 

Region 2. ro < r < r,, i e , the extent of the short range force. 

In this region the Coulomb potential V=2z*e~ir. The short range 
attraction potential actually varies from (/(ro) at td to t/(ri) = o at r,. We 
shall, however, assume for simplicity the mean constant potential Uo in the 
wave equation for this region. 

Region 3. Ti < i e , outside the influence of the short range force. 

In this region, the Coulomb potential U{r}-o, kinetic 

energy =(£3- T), where Ea is the total energy of the alpha particle, and is 
obviously the observed alpha energy, lMv\ 



— >^iiidicate.s rt-partiele, V— coulomb 
potential. I, 11, HI are the respec- 
tive regions. AK = diftcreiice of 
internal and observed energy of 
the a-particle £;(rj = Extra-nuclear 
attraction potential of nuelear 
force type. Uq. its mean (rec- 
tangular, outside) 17 ' = Internal 
rectangular potential. 



E= Internal «-energy = observed a-energy 
p'=Altractiou potential (internal, rec- 
tangular) 


4— i738P^12 
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The distributioD of fields assumed in the proposed theory is shown in 
Fig. For comparison the distribution assumed by the previous workers 

is given in Fig. i(b), 

Region T. In this region the wave equation from the principles of wave 
statistics, is given by 



where represents the wave function for the alpha particle for q-space- 
This wave c(iuatioii differs from that of Schrodinger in having the term 
b''‘h~ I , where b is the damping co-efl 5 cient. It is to be noted that for 

mechanism of disintegration, Kai (1940) has .suggested from hydrodynamical 
analogy that when viscosity develops in the highly dense but compressible 
nuclear ])ha.se fluid, alpha particle comes out as a result of damping- iThus 
damping factor b provides a physical interpretation for disinlegralioii, ind h 
is dehned by b.D , .dt = dD ,, wherein, is the number density of alpha parti- 
cles just inside the surface of the nucleus. Now since the emission is assu\ned 
to be spherically syiiinietrical, we have 1 = o, and so the radial component 
of the wave function Xi region 1 satisfies 


Putting Ri = 


£^,2 dR, 

dr^ r ’ dr ' y 

R' 

— - , in Eq. (i) we have 

r 


.Ri — o 


d'R'i , 

dr 

The solution of Eq. (j.i) gives 



b'^h^ 



- (i) 


(i.i) 


Ri= 




= const. 


sin 0^1 r 
r 


(1.2) 


where 



(1.3) 


Regions 2 and 3. Outside the nucleus b is absent. Consequently, on 
taking corresponding energies, we have the wave equation for the region 2 
(to < r < rj as 


(E^ + Uo-V(r}lX,=o ... (1.4) 

and for the region 3 (ti < r < c») as 

.AX,+ (£,-!/(,) ).X3 = 0 ... (1.5) 
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These are identical with the usual wave equations except for the term 
Vq in region Therefore the modified i?-cqiiations for these external 
regions are 

+ {E,+ U„-Vlr)).R, = o ... W 

ar r dr li 

and ■-!#'+ = o .. (3) 

dr r dr h 

R ' R ' 

On putting Ri= — , and i?., == ® , respectively in (2) and (3), we have 


d Rn 1 hTT Af f Y' 1 1 7 t/ / \ ' n ' — 

4 - - {E^ +Ua~~V if) ) R2-0 
dr h 


and „ (E, - V (r) ).RJ^o 

dr^ h- 


... 0 i) 


where M= mass of alpha particle, iL = total energy of the «-particle, 
F(r) = 22*cV^, 2*=^z-2, The subscripts 2, and 3 respectively refer to 

regions 2 and 3. 

To solve Kq, (2.1) we put 


where »^ = 47 r\/ aMfEa-t- ) 

Therefore Eq. (2.1) becomes 

‘‘■fj w=. 

dp' \4 P I 


Again by substituting 


_ A^-nz^c" sf M 


p=2X 

A%=KT/2 


Eq (2.3) can further be simplified and we have 

& W=o 


Similarly from Kq. (3 i) we have evidently 


where we have put 


dx^ \ X 


f\ =o(^r = 2X 




a;, = 47 r I 

j,. _ 4 ’rs*e‘ [ 


(3-3) 
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Now Kqs. (2.6) and (3.2) are standard differential equations. P. Debye 
(1909) has given a solution by the method of steepest descent, which has 
been used by Preston (1946). We shall, however, follow the method given 
by vSchlechinger (1900), and quoted by Scxl (1929). Both the methods, of 
course, lead to the same solution. 

It would be useful to give a brief sketch of the method to be followed. 
Let us as.sume a solution of (2.6) in the form 


where 


R\ = e 


j£.dx 


^=^^0 + ^^!+ 

in which A and are sniall. (.)n substituting (4) in 
the small quantities kdgyjdx and we have 


^(/ + ^o“ + 2Agog^i + i 



X 


... (4) 

- (4-1) 

(2.6) and neglecting 



where 


So — ' 

dx 


\ 


The following three cases may now be consideied ; 

Case 1. Let x be very small and K'2 very great. Along with .r, r becomes 
very small. So the solution refers to a region inside the nucleus. Thus 
the case is apparently invalid for an equation holding for a region wdiere there 
is Coulomb field. 

Case 2- Let .v and K2' be both great Hence fiom bkj. (5), equating tcims 
of the same order we get 


and 



7- -Ingo 
dx 


U 3) 


Using Eq. (4 3) in (4) we have for the solution 

c onst. - J \ X 


d V 


R/ = ~ 


W' 


... ( 6 ) 


Here again the solution (6) may be of two different forms accoicling as, 

, the solution becomes 

... (61'' 


(fl) >1, and so putting 


--- ±7v2{2M-S111 2m) 

J<2 =const. V cot M. e 


or, as, 

(b) < I. and so putting solution becomes 

x X cosh^w 
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7^2^ ~ const, s/ CO th u.e 


± i 2M — 2M)— ir/4} 


... (6.2) 


Case 3. Let x be very i*reat and K^' finite, so that^'^ Hence 


from Eq. (5), on equaling terms of the same order we get 

7Cf 


and 


Ik j d 1 ^ 

T- ■ 111. ^o± — 

ax 2i\ 


'riierefore, using (4.4) in (4), the solution becomes 


7\'3 = const, e 




It may easily be shown from (2.2), (2.4) and (2..'’,) that 

X £3 + 7/0 


(4.4) 


( 7 ) 


(7.1) 


Region 2. In this regioii near ^ >■ £2+ 7 /o, because even for zero 

r 

initial kinetic energy of the cx-particle, (£h,i , ) iu = E2+ Uiro)— =0 i.e. 

^0 

— ^ - =£2+ ry(ro) and V{r^)'>lj\ {Fig. i (aj and i (6) {. Then from ro out- 

H 

waids as the Coulomb potential - decreases, it must be equal to £3+ Z 7 o 

r 

at certain value i=r', Le., at F, 


-“^=£,+1/., - (7.2) 

r 

Kj 

So for the region 2(a) i.e., for ro<Cr-<r', from Eq. (7.1), “ >■ i, hence foi 

X 

this range we have to take the solution as (vide (6.1) 

J?3= cotu. c±K,(z«-s.m2«) ... (8) 

r r 

Again for the region 2(6) i.e., for t' C^ r < t^, < £2 + and so from 
Eq. (7.1)-^^ <C I. Therefore in this range we have to take the solution as 

X 

(vide (6.2) ) 
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i? 2 = ^ ■v' "colh w c±'{Ks(s,mh2«-3tt)--y } (g , 

r r ^ 


K'. 


If, however, ri is sufficiently great, vSo that 
solution as Ivide ^7) ), 


near r^, we should take 


(8.2) 


instead of Eq. (8.tJ. But as we do not know where 1, actually falls, we 
should start by taking both the solutions (8.1) and (8.2) for the region 2 (bj, 
finally rejecting the one found to be inappropriate from other considerations. 


Region 3. In this region beyond Tj, 
X;/ _ 2z*e^ jr 


is definitely very sma|ll, and 


\ 


so we have, — = — — -X similai to Eq. (7.1). Therefore we have to 

x' hs 

take the solution of iiq, (3.2), corresponding to (7) as 

£?5it . , ±i ( 7 -r-K, Inf- r- ^ y 


Boundaiy Condtiions : 

Of the boundary conditions of continuity at r=i„> and at 7 = 7i, the latter 
is useful in giving valuable informations regarding the size of, the niideus, 
and the magnitudes of the attraction potential TJ{i) at in the region 2. 
So we consider it first. The other boundary condition will be considered in 
Sec. 2. 

The X-components of the wave equations (1.4) and (1.5) satisfy the 
combined boundary conditions at r=r,, namely, 



As already discussed under Eq. (7.1), may have two forms near tj, 

according as <! i or ^ i. Taking^the real part of the first form, given 

::c 

in (8.ij (the unknown constant, in general, being considered complex) we have 
^2= . v' coth li. cos IXa^sinh 2u-2u^- — -^p^ ... (10. i) 


wheie p2 is tlie unknown epoch. On taking the above value of X2, the left 
hand side of (10) becomes 
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Again taking the real part of the second form of given in Uq. (8.3) 
we have 

u _ const. /a, „ , a., n . A 

R2 — . cosi r /v 2 In . — . 1 — - "I" f’ I 

r \ 2 2 4 / 

jories ponding epoch With this value of R, 

e take the real part oi R^, | 

\ 2 2 .] / 

On substituting the above 
:c)) 

“ - tan(^^-rj —K , In— i j - ^ 

», \2 t, / \2 24/ 

1 hide of (lo) we can take either (ii) or ( 

’ with ui,' and (ii we have after transfoi 

X tauIzCa^sinh 2Hi-2Wj^- - + p.^'^ 


where pJ is the corresponding epoch With this value of R,, the 1 . h. s. of 
(10) becomes 

j /«.> K.,\ . /a., TT . A 

II. t) 

For the right hand side of Huj we take the real part of Ri, given in Kq ly) 
and gel 

n _ const. 

R-i= . cobi 

where IS the unknown epoch. On substituting the above value of R.^, we 
have for the right hand side of (lo) 

/« w _ \ 

(12) 

Now’ for the left hand side of (lo) \ve can take either (ii) or (ii i). liqua- 
ting (i2j successively with ui,' and (ii we have after transfoi ination 







We cannot proceed further with the equations (13) nnd (13. i) without 
ascertaining the nature of the resultant field hr the region 2. The scattering 
experiinciits of Rutherford (^1927) wdth Vi nucleus suggest that the resultant 
field in region 2 should in general be repulsive. Thus even if the total 
energy of the eiiiitted alpha particle is wholly potential at ro, its energy at 
7i, should in general lie partly potential and partly kinetic, If the particle 
comes out with the minimum energy, then evidently its kinetic energy ^ at 
r„ is zero, and so we have at r„, 

(Fliiiilj, =S= (Faliniii + t^(T„)£=0 - — =0 .. (15) 

ro 


and at /i, since f/(ijj = o, 



^^4 K. C. Kar and M. L. Chaudhury 


where (E2)i„in is Ihe total energy in region 2, corresponding to £ = o. But the 
alpha particle cannot always come out with the minimum energy, i.e. we 
cannot have always £=o On the othei hand, ^ may have as many discrete 
values as there are energy levels in the nucleus higher than the peak of the 
barrier. When the decaying nucleus emits the alpha particles from different 
energy levels, the product element will be left in the corresponding excited 
states. This product nucleus, like all other isomers, is likely to possess 
different spin values corresponding to its different excited states. Again as 
the interaction potential is of Yukawa type and spin dependent, U(r) in (15) 
will change in magnitude with spin. Now, since the spin-difference is 
associated with the difference of eneigy states of the nucleii*. and hence with 
the initial k. e. $ of the emitted alpha particle, U{r) isevideiitly indirectly related 
to the initial kinetic energy of the alpha particle. Thus ICq (15) may 
be taken in the general form 1 

E, + U{u)c- ...\ {17) 

ro 

On comparing (17) with (15) wc have at once 

(2i2)inin + ^ + /^ \l8) 

where 

(3=^U{ro)(^o-V{roh ... (18 ij 

We shall, however, show later on that /J is positive and consequently 
^(ro)f=0” C/ ... (18.2) 

Now since we have defined the second boundary r, as the distance at 
which the attraction potential is sensibly zero, it is reasonable tv believe that 
for the small change ^ in t/(ro), the change in the value of the potential at 
such a great distance is insignificant. Thus only the kinetic portion 
of the total energy of the alpha particle changes at the second boundary ti, 
with any change in the initial kinetic energy £ at tq. Therefore, similar 
to (17), we should take Kq. (16) at in the general form 


E,- ^ =rj ... ( 19 ) 

where, [vide (18)] 

V = Vo + $ + ^ (iQ.i) 

Now if S be the ratio of the straight mean LI (ro)^/ 2 to the true mean 
Uo for the attraction ijotential in region 2, we have, corresponding to Kq (17), 


E,+ Uo- =? 

r 


where 


Uo = - 


mtoh 


■ (20) 

(20.1) 


Comparing Eq. (20) and (17), Uq is seen to be the actual attraction potential 
at r , where f is the corresponding kinetic energy. Again, since L 7 (r) is of 
Yukawa type, the mean value t/o, given by (20.1) and which has been taken 
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constant for the wave equation or (2), must be less than the straight 
average Hence in Kq. (20.1) we have 

^>1 ... (21) 

It will he shown latei on [vide Hq. (32 2)] that < 2. It is obvious that 
for the lower limit and r in t2o) are the averages of the corres- 

ponding quantities at the two boundaries and r^. It may be easily seen 
that for the upper limit s = 2, we have 


+ ... (203) 

Now having thus dehued t/o for fhe second region we get at once from 
(2.2) ond (2 /\i 


0(2 

K, 


2 (e,^\ r/..) 


(22) 


Now, substituting in the equation of continuity (13) the values of 
r, from (22), (2.2) and fry) respectively, we have after 

transformation 




2(r/ii + J/l tan i/sra(sinh 21/1 — 211/)— ^ 


I s! 2 MfU o + 7]} 


(lu + n) 

~~~iw iK 


tan(’‘j r.-K-.h/’ ^ | 

tan|A'2(siuh 2U,-2U,]- - +^i2| j 


(23) 


vSimilarly from (2.2), ^2 4) and fig), the alternative equation (13 i) transforms 
into ^ 


2V 1 + U(JK2 
U-VIE2) 


tan r,- 
\ 2 


A’'.dn. 




I fi + i]fE ^) 


(23.1) 

Now from the optical analogy, that the transmitted waves do not suffer 
any phase change at a boundary, it is reasonable to assume that the matter 
waves do not undergo any change of phase at the boundary rj. Hence the 
ratio of the tangents of the phase angles at r^, on the light hand side of both 
equations (23) and ('23 ij become i, and so we have 


2 (t/o + /;) 


tan l/Calsinh 2 Mj-2Wi) - +p^ 


^ Snz^ e'^ •J 2 M{JJo + 1]) 
li{E2-y) 

_ SnZ*C ' ^ >J M {E2 + ^j) 
hsl2E2 {E2-'y) 


(23-2) 
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and 

On 


2 v/ I + V0IE2 _ _ __r (1 -f i?/£a) 

V 1 + UolB 

solving (23.3) for + , it may be easily shown that either 

C;„=o,or=|i(i-£)-i(x£, 


(23-3) 


(23-4) 


The second value of t/® in (23-4) is negative, as < i. Thus both the 

possible values of t/,, obtained 111 (23.4) should be rejected, as going against 
our fundmental conception of U„, We are thus left with the only equation 
of continuity (23.2) 

To find the unknown epoch in ^23- 2), we consider the behavfiour 
of the solution Riven in TCq. (8.1) for the region 2(6), / c. for r' < r < 
vSince r' is not a boundary, Rj should be valid at r'. At r=r', the Veal 
pari of the solution in (8.1) as given in (10. i) is 

= | cothu . cos| K'a(sinh 2tt-2u) - - +^2} (23.5) 

I r t 4 JIr=r' 

where (coth w)r-r'= \i 


dK 

Again from (2.2), (2.4) and (7.2) we have ==i Therefore 

0^2' 0 

(coth tt)r=r' =co ... (24) 

i e , ihc solution R^ in (23.5; is infinite, which is impossible. Therefore in 
order to make the solutimi bounded at r', we must take in (23.5) 

costKa (siuh 2 u — 2 u}—-+pz\\ =0 

I 4 Jlr=r 


/\2(sinh 2ii-2M)-’’^+^2| =- (24.1) 

4 lr = r' 2 

From Kq. (24), |xi|r*r' =0 and (sinh 2ujr=?' ==o. Hence from (24.1) 
we at once get 


^ ' (25) 

4 

Using (25) in (23.2) we have finally for the continuity equation 

E> — r i ^ 2M{Uo + r i) 

2{Uo + r}}* ( T- ( ' u hiEz-ri) 

tan \ Aa'sinh 2Ui-2Uj) + " f 

I ^ (26) 

^ 87r2V(F2 + >j) 
hviEi-ri) 
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where v is the observed velocity of alpha particle, given by £2 = 1 / 2. Mv'^ = Es. 
The first term in (26) is very small compared to the second and the third, 
as can be seen by putting the approximate values for all the quantities 
involved. So neglecting this terra, to a first approximation Ave find 


= i _ _ 3 _ + ’ll 
E2 4 sEa 4^2'' 

Now using ^26.1), the correction term m (26) becomes 


(26. t) 


where 


<-£)/ 


tan 0 


xo.i393(sinb 2U|-2 Ki) ^ 

r-io-^x 

\ 4 2E2 


neglecting the small term. 

E2 

Again to find 2i4i and sinh 2Ui in (27.1) we note that by definition 


(27) 

(27. 


_n 

cosh *u, = = —T,^' 


2 _ _ I + U 0 IE 2 '5^7- 


^27, 2) 


from which 2Ui and sinh 2Uj can be calculated if »j/E2 is known. Substituting 
(27) in (26) we have 


SiTZ* e^ s/ 2 M{ Uq + tj) _ Snz*e^ {E2 + >]) __ ^ E 2 } 

h(E2 — '»}) hv'iEz-y]) tan 0 


Therefore 




Mv 


•»( e 1 . 


8z*e^ tan 6 


+ higher term 


Uo + »//2 = 


I i!) 

4 4z*e^ tan 6 


X E 2 


(2S) 


(29) 


Betel mination of ^ 

At the outset it need be pointed out that since /3 is involved only in 
L/qi Eq. (29) is unaffected even if we take ^ = 0 always In that case, however, 
we have to assume with Gamow and others that the size of a nucleus of same 
fluctuates as it is raised to different energy states by emitting different 
«-groups. Thus we have to assume as many as 13 radii for the same Rah' 
nucleus. This seems to us less plausible than our conception of constant 
ro, which follows from (29) with discrete ^-values. So let us now decide 
whether jS is positive or negative. 
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Let us first assuiue that (i is negative, and we have then from (20.1) 
and (18,1) 

Uo= H A ... (30) 

2 S 2 S 

Tt is evident from (30) that when ^ = 0, Uq is miuiiiiuni. Hence 
“ [U 2 S. 

(i/oU,= [y(io)W2s+ . 

2A 

and so 

(f/o)Hirix~ “^ii»ajt/2S . (30.T) 

Again wilt:!] /3 = i), ^ = q, therefore (C7o)min corresponds to and so in that 

case = [vide (ig.i).] Also when /? is niaxitnum, ^ is also maximum, and 
(^^o'max corresponds lo (Aolmax, and in lhat case = Therefore neglcctpig 

the small correction term 3^1 / in (29) we have similar lo (30 i). 1 

U!oU.-(Uo)mm= ' 

4 2 4z^c^ 


i Vmax (Am Imax Timu ( AjliUiin (. 

tan ^0 tan^iiKix 1 

Again from (ig.i) and (r8) for negative 

Vin.ix ^]o ~ ( Aj;iniii»~ ^max ^inux 

Now substituting (31. i) in (31) 


(.ii) 


((-Inlmiiv— (L/ /I ^ I ^ jl'mRx (A2)iimx _ (Aslininl 

4 4 z*€^ ^ tan6'o tan j 


I'rom (30.1) and (31.2) we have 


'a — 2) 


ns 

z*e^{s- 2 ) 


-Vinax (Km ) ninj 'I’ mjn (EJ mi n y 

tan ^0 tan ^mnx ' 


(31.2) 


(32) 


Since in (30) /J is assumed to be negative, /Qm.ix in (32) should be positive. 
So the right hand side of (32) should also be positive, i,e., 5 >2. Again, if 
is negative, Pmu\~ 'E-A mux (Ai)min , (vide 18) . So ima^ > ^ infix • Therefore 

we have m (32), i which is impossible if j !> a. “ Thus cannot be 

negative. Hence ^ is positive which means, as assumed in (18-2), lhat the 
attraction potential f/(7) becomes higher as the nucleus is raised to higher 
excited states due to emission of alpha particles at lower energies. Thus it 
it follows that U(r) or Uq is related indirectly to the kinetic energy of the out- 
going alpha particle as already mentioned. 

Now since ^ is positive, we shall have instead of (32) 

j Tliiijx (Aajrniix 


fimus — , ^mux + «“ “in’ ' “ 

(2-SJ 


z*e^(2 — s) I tan ^0 


tan 


(33 t) 



559 


Wave Stalislical Theory of Alpha-Disintegration 

Kioni ( 32 - 1 ) and ( 21 ) we have evidently 

^ ^ ^ ^ ( 32 ‘ 2 ) 

vSince fiom (18), Jmai- 1 - / 3 ma.,= (K.jn.m —range of (x-eiiergy spectnuii 

wc have from (32.1) 




-IP 


)'Umux(E 


ahianx 'Umlu a.) mini i ^ \ 

, 7 ( '32 3) 

Q tan f'niai J 


and ^„.,= 


( lau ( 

_j T-'m.ix (EJ max Tmin (E2)lnjll 

tan Oq tan ^mni 


... (32.4) 

Now it follows from (32 3) and (32 4) that in the case of the elements which 
do not show alpha energy spectrum, ^ = ^ = o. These elements possess only 
one effective energy level higher than the peak of the potential barrier. 
Tliere are, however, other energy slates lower than the peak of the harrier. 
Tliesc levels being of insufficient energy are incapable of emitting alpha 
particles. With smaller values of z, the potential barrier becomes less high 
and consequently the number of alpha transfer mat 1011s giving rise to spectrum 
will increase, and nccessaiily the range of the alpha energy spectiuni becomes 
wider. It is remarkable tliat the present theory thus provides a qualitative 
explanation for the obscived fact that as wc go up a radioactive series, s 
increases, the number of spectial lines in general decreases till it bccomCvS 
one (inrfc Table 1 ). Irregularities, however, iiiiist be due to some structural 
complexities 


E V A h n A T 1 O N OF NUCLEAR R A D I U vS 7 q 

vSince /3 is positive, wiitmg for t/(ro) from (18. i) and (18.2), we have 
from (20 i) 

U — ^ ^ 


Tlieref 01 e 




_ U ('ro)ni nx Pn 


2S 


Since corresponds to ^mnx and hence (EJmax, nc have Irom (29) ' 


( 0 ) nil 11 


= 'I (t 3*/»nttx/lE2 ( X (E ' _ ‘ 


(4 4s*'c“ tan 0^ 

Again from (15I and 118.21, we have 

_ Z2'^e~ 

2 ) inln mnx 

On substituting for Viiojmax from (33.1) and using (34) we gel 


Uifo)n 


i 5 hhvmtix. II 3 ^/mM/ (Eojmaa) ( ^ / t? x ( 

»=j , 




■ (33) 
^33 1) 

(34) 

■ (35) 

(35-1) 
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Table J 


Name of decaying 
element 

z* 

No of 
o-energv 
groups 

obsd. 1 
Mev, 1 

1 obsd. 
(ir2)m]ii 
Mev. 

( 7 (r,i)iTia!i 

Mev. 

Nuclear 

radius 

r„Xio+’“ 

cm. 

I’roduced by 

U^ 23 B 

00 

1 

4.2T0 


4 360 

3 024 



90 

1 

4.780 


3 473 

3 139 

g,UXa 2 »< /9-decay 

Ioa»c 

88 

1 

4.810 


3 409 

3 083 

o-decav 

Ra«6 

S6 

7 

4 793 

3 947 

2 629 

3.7^15 

gglo®^® B-dccay 

H„Z 22 

84 

1 

3-486 


3 674 

? 640 

BgRa^^fi B-dcctiy 

Ra 

Si 

1 

1 5-998 


3 890 

2 380 

86 Rii 222 ft dtcay 

Ra C''2'4 

82 

13 

10.509 

7.683 

3 526 

2 106 

B3RaC2*i /a-decay 

Rn F2>® 

82 

^3 

5 303 

3-685 

4 327 

2-947 ' 

fl,RaK 2 ii) fj.fi^cay 

Ra 

81 

3 

5-517 I 

5 .333 

3 

2 560 

BaRaB®'^ fl-decay 

T|'h 232 

88 

1 1 

4.20 


3 384 

3 341 

... 

Rd Th22« 

88 

2 

5 41S 

5 335 

3-'784 

2.779 

B 9 Ms'J‘hi)*®®/ 9 -decny 

Th X22< 

86 

1 

5 680 


3 814 

2 60S 

9oRdTh22io-decay 

T „!20 

84 

J 

6 280 


4.077 

2.334 

BBThX^sio-decay 

Th A216 

82 

7 

6 7?4 


4 222 

2.146 

gg'l'h!^'*®a-dccay 

Th C'2J2 

82 

3 

10 S53 

8.776 

7-50 

I 450 

B3ThC2ia/3-decay 

Th C2>2 

81 

6 

6 054 

5 6oi 

4 151 

2 392 

BaThB2‘2fl decay 

Ac U235 

90 

1 

4-330 


3-643 

3 249 


Pfl 331 

8g 

1 

5 00 


3-523 

3 007 

BoUVas’ ;9.detay 

Rd Ac2a7 

88 

11 

6.051 

5 674 

5-513 

2 265 

BoAca27 ^.decay 

Ac X2a3 

86 

3 

5 720 

5 533 

j 3 8g6 

2 626 

gflRd Ac2Z7a.decay 

Anai9 

84 

3 

6.826 

6436 

4.449 

2.221 

bbAc XaaJ a-dccay 

Ac A2” 

82 

I 

7 36.5 


4-381 

- 2.009 

BgAnai® tt decay 

Ac C'2i’ 

82 

1 

7 434 


4-390 

1.997 

bjAc can /3-decay 

Ac C2^i 

81 

2 

6.619 

6 262 

4 273 

2.213 

b-^Ac Ban /a.dei'ay 


Now from (35) and (35.1) we get after transformation 


^ ^ tan Bp 

(fi2)mHxl(A + 2)2'*’'e^ tan OQ — sfiVmax{j~^'’]maxliEi)mn)]~I^ 

where tan ^0 corresponds to 'ymax and is given in (27.1), and 
L~2Z*e^ tan + 
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from (32.4) neglecting small term involving we have 

L = 2z*£'® tan (9o( — ~ range ^ .. (36.1) 

For the elements which do not show energy spectrum (36 i) takes the simple 
form 

/. = 2S2'^‘e2»;o tan (36-2) 

It should be noted that the formula for tq in (36) contains .v and yet 
to be found O'lie value of ijo will be obtained from the formula to be 
deduced later on {vide 40). Hence we are in a position to calculate tq for 
different nuclei, if we take at present for a' its limiting valiief s~2 (vide 32 2) 
In addition to the size of the nucleus, inlorination regarding the limiting 
values of the attraction potential Uir) at tq, are also known {vide 35 i). It 
IS remarkable that the magnitude of the short range potential calculated from 
our theory ranges over several Mev which agrees with the order of the magni- 
tude obtained from other methods (e.g. nuclear binding energy calculation 
from mass defects, etc ) Table 1 gives the calculated values of r^, 
U{ro)max, for the elements of all the three radioactive senes with s = 2. 

It is to be noted that Fq. (36) gives an explicit formula for the size 
of a nucleus. Previously, the values of nuclear radii were obtained from an 
implicit logA. — F relation. This method seems to be only approximate 
because, (i) the log A — li relation, given by the leakage theory, is open 
to the objections raised by Chang (1948), Berthellot (1942) and others, 
(2) this log A-Ii relation really contains an unknown averaging (normalizing) 
factor, and in calculating tq, all the previous workers, instead of finding that 
unknown factor, have taken it to be unity, and (3) these tq values are cal- 
culated from a relation in which A and K arc variable, so that in the case of 
energy spectrum tq should be different for the different values of the observed 
energy for the same z*. Thus, for example, for the element RaC’, there 
should be at least 13 values of nuclear radii for the same element, which 
appears to be improbable. 

On the other hand, our explicit formula for rg is independent of A, and 
conies out in terms of constant quantities, such as z*, M, e, {Ezjmaxt etc. 

Deieimination of »/ 

From what has been discussed under Eq- (i'6) and also from the Hq- 
(18. i), it is seen that as f at tq increases, U(tq) decreases. Similarly at 
distance r, the atUactioii potential Uq may also be taken related in the same 
way with the corresponding kiueting energy of the alpha particle £' = (S+ 3»l)/4* 
[vide (20 3)]. This suggests a simple relationship between the two and we 
take tentatively 

- (37) 

where n is an unknown constant and F is a slowly varying function of 
t Numerical calculations suggest that s should be very clo.se to 2. 
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A constant F leads to absurd result, as can easily be seen by comparing the two 
extreme cases of (37), namely ^ = Now for^=^nuisWe have from (37) 

(37. il 


Or, using (33.1) and (19. i) 

U (r()) max _ ^iniix _ 


iUo)um^ X (^+ 37 ;) 

mii^ — Fii iimx.) 
Fi^mnx) 




iPmiix 


(37 2) 


/ 3 .n 


Since 3^ r.ini <ui mail ■*“3'}ob we have from (37.2) 

ftiairn _ 6 W sl' ) / (4 £i>iin 3^ioi 

2S 2S ^4£ni<ix+3^1l))" (4^>'UX t 3iyo^ 25 

Again, since ^^1, IQS f/frohnax. we have from '3S), on equating tcims of the 
same order 




2 S 


. FiCm^^) 

^ 4 £iH''s + 3Vo ) 


and 


6 ti 5 iTia i ) / ( 4 £ nitt 3 + 3 *jl) ? ‘ _ J 

3Vof 


Us ] I 


(3^8.21 


Substituting t3S.i) in (38 2) wc have 

3Mr/(f() )mu\ =4^niiiX 3V0 ^39) 

Now putting V{ro)mnx from ^33.1) and using (34), ^^32 3) and ^32 4), we have 
after transformation, if sn = s' 


2U' + 1) 




J3£.'-4AL^) r(F 

“ 6(v'+i) 


)lllQS 


2^5 f 4.'t_3” '^'nmi ^Fj)n] 
\ 4 tan^^i 


_ Tinnx fFJmi 

tan^^o 


^39 i) 


3(5'+ i)2:*e'’' 

It may be shown from Kq. (27) that if wc assume 1] >iE, we have impossible 
results. L,et us first put >; = ^E. In that case Hq (27) or the first term on 
the left hand side of (23) becomes zero, i.c., wc shall have 2K2 = o. which is 
impossible [vide U.4).] Again if 7/ > ^E, the numerator of ^27) becomes 
negative and so the term on the left hand side of (13) becomes positive, which 
is impossible. Hence we conclude that r/ < IE. Using this condition we 
can easily find from ^39 i) that for the elements which do not show alpha 
energy spectrum s' is certainly less than 2. Again since lower limit of 7/ = o, 
for the average value of t;, 5' = 1/2. With this value of .s', in the general 
case, we have from ^39.1) neglecting the higher term 


and hence 


Vo~^~ (E2)inax — (Esfiiia* (Ez)mii 


o o 


(40) 


(40.1) 



Wave Statistical Theory of Alpha-Disintegration 


563 


SECTION 2 


Dlsintegiation co 7 istani A 

We now consider the condition of continuity at the fiist boundary t = iq 
T his condition of continuity gives a foiinula for the viscosity coefTicieut h, 
from which we shall deduce the disintegration constant A. 

Since near ro, K^jx > i, we have to take the solution (8) for the 
region just outside 1q In order to deduce the proper Sign in the exponential, 
we coiivSidcr the behaviour of the solution at npto which it is valid. Now 
at r=i', cot u in Kif. (8) is from (6.i) 


(cot VUlCit/aa/)-! 


since from (3.2), (2.4) and (7.2) a^r' 

I'herefore in order to make the solution bounded at r , we shall have 
to take 

g±A'2(21l'-.siu 210=0 (41) 

Now since 00111=*^, w—n/r, where n = o, i, 2, 3 etc. But if we put n = o, 
we get e±A2'2H'-sm 2u') = i^ and the function becomes infinite both for 
positive and negative sign of the exponential. Hence n-i at least. As 
is large, for n=i, 2, 3 etc., the condition (41) is .satisfied only if the negative 
sign is taken. Thus ICq. (8) becomes 




... (^2) 


Now the boundary conditions at give 


Sr 


• lo8- 


sin cXi r 


' S , V cot u.e 

,=ls. 


— Mil 2/<) 


••• (4.'^! 


The left hand side of (^3) is cot «jr„ - 


where 

vSince 
we have 






l•«I, 




«, cot airo = ‘’'i cot (/i +B)— o', cot A OiB «il* cot A + B cot A. 

Now since A is of the order of 40, and cot A of the order 4, by putting 
cot /l = 8/.4 and the values of 4l and B from (43.1) and on neglecting terms 

0— 17a«p— 14 
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containing and b“ being too small, we have after transforniatidn, 

la- 

Now the light hand side of (43) is 


CX, cot 0(,7„— - = — ^ 

r,j r„ to 


^e;) 


In 2 

IXqiiatmg <4 3-2) wUh '43-3i we have 


+ °^J 4A"? 

\ otor,, 


. ,2 /Mtq" I o^o.^U. A2 -1 

(4E, 8E/ - , 

' 'V 4 ifj 


V 


Now from h2) and (20), and using (20.2) foi we get 

=4ll+^'?/22V)/5' 

E -2 


and 


El (3,„^ r,;|i + -^2 

2T- * 


Therefore the right hand side of (/14) becomes after transformation 


-r, + E' 




^ yzu 2r„ 2*c 


*43-2) 

t'lS-SJ 

• (44! 

(4\-l) 

(44.21 

•• (43) 




(hi combining (4 and (44), on neglecting 1 compared to 38, we get 

hince again wc have finally for b, on putting r,//r^“ = 'M^ 

and simplifying 


I, = ^'l ( i„ </ 

Now we have by definition 


... (46) 


I dDj _ I dhh 

b» ' di' nT ■ di 


(47) 


where Da is the probable number density at the surface and iV,, is the 
probable number of «-particles in a thin shell ot width Aro, just inside the 
surface. Again 


= I =A 
dl dt N dt 


(48) 
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where is the total number of alpha particles inside a Riven nucleus, and 
N, the total number of nuclei in the sample. Therefore fioni (471, (48), 
and ^46) we have 


A=bjV,,= 






CV sin” 


47rr„^Arn 


or, from (42) 


G-vV)? 


^1 + WyMVVo" '0 


cot w„.e 


— — sin jJ<ol 




where 

C = 4;r6''a“Aro, 

and Cl and Ta are the averaging factors for the solution inside and ju.st 
outside r,). 

In the expression for A, the exponential part is iin]iortant Howevei, 
it requires to be mentioned that in the exponential of our formula, unlike the 
previous formulae, we have in K^;, not the observed energy but E2 + Co. 
A study of Chang’s curve will show that if log A — K curve is plotted against 
the internal energy, i.e., E2 + C/^^ro), the discrepancy can be resolved 

The quantitative agreement of our formula for A will be considered later 
on, only when C in Kq. (49.1) and .s' in ^39.1) can be known exactly. 
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THE 43-DAY ISOMER OF CADMIUM (115)* 

Hv P. S. GILI4. C. E. MANDEVILLE anu E. SHAPIRG 

ABSTRACT. The /] 3-day activilv of CtV*** was induced in pure metallic cadmium 
irradiated by slow neutrons in the Oak Ridge pile After chemical purification, the 
ladiatioiis weie analyzed with the utili/atioii 0/ conventional absorption and coincidence 
techniques. It is concluded that the ts-day activity decays with the emission of bet|a rays 
of energy 141 Mev and at least two gamma rays baviug respectively energies of 0 io Mev 
and 1. 10 Mev, I'hesc gamma rays are coincident with an inner beta spectrum having an 
end point at approximately 0.3S Mev. The beta-gamma coincidence data show thal'^ only 
0 85 pei cent, of the total beta radiation is contained in the softer group Gamnia-gafnma 
roincideiJces indicate cascade emission of gamma rays. 

T N 'f R 0 D U C T ION 

When cydniium ns irradiated by slow neutrons, .seveial induced activities 
are produced. Among these aic the 25-day Cd‘*‘\ the 43-day Cd”’', and 
the 33(j-day Cd'“". For the purposes of the present investigation, pure 
metallic cadmium was irradiated by slow neutrons for a period of several 
months in the Oak Ridge pile. The source \tas permitted to decay for a 
period of one month to allow for the disapiiearance of tJie 2 5'day period [ 
The residual activity was then purified as follows 

Carrier quantities of lead, silver, antimony, and indium ions were added 
to a 6N-H2SO4 solution of irradiated cadmium. vSatuiation with US precipi- 
tated silver, antiniony, and residual lead sulfide which were removed by 
filtration, Olie acidity of tlic filtrate was reduced to 0.3N, and indium and 
cadmium sulfides were precipitated with H2S, These latter sulfides were 
filtered off and dis.solved in warm dilute nitric acid. The solution was made 
aminoniacal, precipitating inclium hydroxide which was removed by filtra- 
tion. The filtrate was made .slightly acid , then it w'as saturated with H.S, 
precipitating cadniiimi sulfide w'hich was filtered off and dried for experi- 
mental use. 

Ihe 43-day activity in cadmium was first reported three years ago, 
(Seren, bmgelkemcir, Stuim, Fuedlander, and Turkel, 1947)- These early 
measiireincnts indicated a maximum beta ray energy of 1.5 Mev and that a 
gamma ray of energy o 45 Mev accoiTi]>anicd each disintegration. Somewhat 
different data concerning the energies and intensity of the gamma rays have 
been obtained by the writers. A preliminary report has already been 
published, (Gill, Mandcville, and Shapiio, 1950). 

* A.ssihted bv the Joint Prcgraiii of the ONR and the U. S. ARC 

I Gtiest phy.'^icisl, Rartol Rp.search Poiindation, IQS®- 

.t Tlje 330'dny cadiiiiuin decays only by orbital electron capture, and no gamma rayS 
ai e emitted Its pre-'^ence i.s therefore considered to have no effect upon the mea.sureinenti) 
described in tin’s paper. 
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THE M E A S U R E M K N T S 

m 

Using a thin window “bubble" counter as a detector, the beta rays of 
the 43-day activity Avere absorbed in aluminum as shown in figure i. The 
end point, occurring at about 600 mg/cm^, corresponds to a maximum energy 
of 3.41 Mev, (Feather, 193S). 



Fig. j 

IMG/CM* — Muniiniuin 

Absorption in aluminium of the beta rays from 43'doy 0(3^'=* 

Using the avcII known technique of coincidence absorption, the gamma 
ray energy Avas measured by absorbing in aluminum the Compton secondary 
electrons produced in a block, of aluminum- These data are shovA’ii in figure 2. 
The end point of the coincidence absorption curve corresponds, 
according to a previously published calibration curve I'Mandeville and Scherb, 
1948), to a quantum energy of 1 10 Mev. The quantum radiations were 
also absorbed in lead. The lead absorption curve shows that a gamma ray 
of energy about u lo Mev was jnesent along with a relatively weak gamma 
ray at 2 Mev. 

The gamma ray measurements led to lesults so markedly different from 
the earlier data ^Seren, Kngclkeiiieir, Sturm, Fnedlandcr, and Jurkel, 1947) 
that the cadmium source was allowed to decay furlhti) and additional 
chemical purification was cairied out It w’as thought that additional 
separations should be performed to remove any residual silver and indium 
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which might still remain in the otherwise pure source. Indium (114), in 
partiqjilar, was considered as a possible impurity, because its half-period 
and gamma ray spectrum are veiy similar to the observed characteristics of 
cadmium (115). The radioactive cadmium sulphide was ledissolved in nitric 
acid, and carrier quantities of silver and indium were added. Silver chloride 
was precipitated with the addition of dilute HCl and indium was separated 
from cadmium in the manner described in the introduction of this paper. 
By this time, the /13-day cadmium activity had decayed for about two 
months. Absorption experiments were performed as previously indicated, 
and the results were the same as those obtained after the first chemical 
purification and after one month of decay. | 



Coincidence absorption of the secondary 
electrons of the gamma rays 
from CcP'\ 

Using the exceptionally pure cadmium, beta-gamma coincidences were 
observed as a function of the surface density of aluminum placed before the 
beta ray counter. These data are shown in figure 3 where the beta-gamma 
coincidences are observed to decrease from a maximum value of 0.014 x 10“^ 
coincidence per beta ray at zero absorber thickness to zero at no mg/cm*. 
This coincidence rate is a very sruall one. Calibrating the beta gamma coinci- 
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dencc ariaiigemcnt with the beta-gamma coincidence rate of Sc*“ (2 Mev of 
gamma ray energy coupled with each beta ray) and assuming that each beta 
ray of the inner group is accomiianied on the average by r ro Mev of gamma 
ray energy, it was concluded that the softer group of beta rays at 0,38 Mev 
must constitute one jier cent of the total beta radiation A gamma-gamma 
coincidence rate of 0.07x10“* coincidence per gamma lay was observed 
when a source of the 43-day period W'as placed between two gamma ray 
counteis in coidcidencc, showing that cascade emission of gamma rays occurs 
in the disintegration of Cd'’\ 

'*’0 



Fig- 3 

The beta-gamma coincidence rate of the 43-day aa a 
function of the .-►urface density of aluminium placed 
befoic the beta ray couutci 

At the conclusion of these measurements, it was learned that Bell, 
Cassidy, and Hughes of the Oak Ridge National Laboratory, had inde- 
pendently obtained results similar to those of the authors. Using high 
resolution, obtained with a coincidence spectrometer employing scintillation 
counters, they observed gamma rays at 1.29, 0.93, 0.72, 0 52, 0.198, and 
0.074 Mev. They also concluded that 0.7 per cent, of the beta rays of the 
43-day are coupled with gamma rays. If it is assumed that each beta 

ray of the inner spectrum is followed on the average by 1.29 Mev of gamma 
ray energy, the beta-gamma coincidence rate observed by the present authors 
indicates that o 85 per cent of the total beta radiation is contained in the 
softer spectrum. Bell, Cassidy, and Hughes have shown that the faint 
radiation at 2 Mev is related to an impurity, 

A disintegration vSCHEME for the 43‘UAY 

The above reported absorption and coincidence measurements show that 
the hard beta spectrum of the 43'day Cd^’’’ is non-coincident with gamma 
radiation and must therefore proceed to the ground state of In"", the residual 
nucleus. The inner spectrum at 0.38 Mev leads to an excited slate of ln"L 
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REVIEW 


Physical Aspects of oolour< — By Dr P. J. Bouma fKnglish Translation 
By W de Goot) Pp. 312 N. V Philips. Gocilampenfabricken, Eindhoven 
(The Netherlands 1947. Price Rs. 15/-. 

This book deals with the science of ineasureinent of colour The original 
manuscript written in Dutch by Dr P. Bouma, an llluminatinii’ Engineer, 
was published in 1946 and the present translation in English was published 
m 1947 after the death of Dr. Bouma in January, 1947 Some of the sections 
liave been rewritten in this English translation in order to incorporate 
lesnlls of some receiii investigations m this line. 

The author has indicaud in the preface that he has approaclicd the subject 
from the points of view of experimental phys’cs and illuminating engineering 
'Pile book is divided into fouiteen chapters After explaining in the first 
chapter i)arts played liy light sources, coloured objects and the eye in making 
the colour visible, the author deals with the influence of brightness on colour 
sensation and also with the Innclions of relative luminosity curves at high 
and low brightnesses In Chaptei 111 the convention, of expressing any 
colour by defining it'* po.sition in a plane colour triangle has been explained 
with illustralion.s and the next chapter deals v\ilh the convention of colour 
space in which any coloiii has a fixed position according to its brightness. 

Chapters V and VT deal with the XYZ system adopted by Commission 
liilernalionale de 1' EcKnrage IC 1. K) and the method of calculation of 
coloui co-ordinate in this system has been explained with the help of 
suitable examples In Chapter VII a few si'ccial light sources have been 
described and their functions in colorimetry have been explained. Chapters 
VllI and IX deal with methods in objective and subjective colorimetry. 
Chapter X deals with various types of defective colour vision and in the 
next chapter a hriet review of llic historical development of colour science 
lias been given Chapters XTI and XIII deal with discrimination of hues 
and character of colour sensation lespectively In the last chapter .some 
applications of coloiimelry, especially those in illuminating engineering and 
colour reproduction, have been discussed in detail In the Appendix 
there are some tables useful for the measurement of colour and also a 
bibliography of the references has been included at the end. 

The book is extremely helpful lu illuminating engineers and to those who 
are interested in reproduction of colour There are 113 illustrations and 
the get-up leaves nothing to be desired. The pi ice seems to be (juile 
moderate. The liook is available with the Technical 8d Scientific Eiteraturc 
Department, Messrs. Philips iilectrical Co (India) Ltd., 2 Heysham 
Road, Calcutta 


S. C. S, 




The iollowing apedal pdbUcations of the Indian Association for the CiiltivaHon of 
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